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CLADODERRIS 

Cladoderris Persoon in Gaudichaud, Voy. Urania Bot. 176. pl. 
1,f.4. 1826; Berkeley, Hooker’s London Jour. Bot.1:152. 1842; 
Léveillé, Ann. Sci. Nat. Bot. III. 2: 213. 1844; Fries, Fungi 
Natal. 20, in K. Sv. Vet. Akad. Handl. 1848; Sacc. Syll. Fung. 6: 
547. 1888; Engl. & Prantl, Nat. Pflanzenfam. (1:1**):126. 1898; 
Lloyd, Myc. Writ. 4: Syn. Cladoderris 2. 1913.—Cymatoderma 
Junghuhn, Fl. Crypt. Javae. 1838. Translation of description 
of the new genera and species by Montagne, Ann. Sci. Nat. Bot. 
II. 16: 320. 1841, Cymatoderma being designated as a synonym 
of Cladoderris.—Actinostroma Klotzsch, Nova Acta Acad. Leop.- 
Carol. 19:236. 1843.—Beccariella Cesati, Atti Accad. Sci. Napoli 
8:9. 1879. 

Fructification coriaceous, pileate, stipitate or sessile; hymenium 
inferior, with radiating or branched folds, ribs, or veins, verrucose 
also in some species; basidia simple; spores white, even. 

The type species is Cladoderris dendritica. 

Issued July 25, 1924. 
Ann. Mo. Bor. Garp., Vou. 11, 1924 (1) 
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The species of Cladoderris have the same internal structure as 
those of Stereum, and the genus is distinguished from the latter 
merely by the conspicuously ribbed configuration of the hymenial 
surface. The genus is tropical in its geographical distribution, 
although one species has been described from England and another 
from Florida; the fructifications grow on rotten wood. The 
earlier gatherings, consisting of only one or two fructifications 
at a time taken by explorers, sometimes had the stem central in 
the specimens saved, at other times lateral, and at others, sessile. 
Each such gathering was made the basis for a new species and the 
species were arranged in the genus in central-stemmed, lateral- 
stemmed, or sessile sections. Field observations and more ample 
collections by mycologists have reduced many such species to 
synonyms and show that the above sections are of little value; 
for in Cladoderris, as in the other Thelephoraceae growing on logs, 
the inclination of the substratum at the point of attachment 
and the position of the substratum as to whether over or under 
the fructification are important in determining the habit and 
form of the fructification, as already pointed out for Stereum 
and Hymenochaete (Mo. Bot. Gard. Ann. 5: 302. 1918). 


KEY TO THE SPECIES 


Hymenium not at all or but slightly verrucose................. 1. C. dendritica 
Hymenium abundantly verrucose...........2ccceeccceccccceccees 2. C. floridana 


1. Cladoderris dendritica Persoon in Gaudichaud, Voy. Urania 
Bot. 176. pl. 1, f. 4. 1826 (under Cladoderris of Thelephora); 
Léveillé, Ann. Sci. Nat. Bot. III. 2: 213. 1844; Fries, Fungi 
Natal. 22, in K. Sv. Vet. Akad. Handl. 1848; Berk. & Curtis, 
Linn. Soc. Bot. Jour. 10: 328. 1868; Sacc. Syll. Fung. 6: 549. 
1888; Lloyd, Myc. Writ. 4: Syn. Cladoderris 3. text f. 520-523. 
1913. Plate 1, fig. 1. 

Actinostroma crassum Klotzsch, Nova Acta Acad. Leop.-Carol. 
19:237. 1843.—Cladoderris crassa (Klotzsch) Fries, Fungi Natal. 
22, in K. Sv. Vet. Akad. Handl. 1848; Sacc. Syll. Fung. 6: 549. 
1888.—C. Candolleana Léveillé, Ann. Sci. Nat. Bot. ITI. 5; 153. 
1846; Sacc. Syll. Fung. 6: 549. 1888; Lloyd, Myc. Writ. 4 
Syn. Cladoderris 10. 1913. 
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Pileus coriaceous, usually flabelliform, drying pinkish buff, 
sometimes stained with adhering algae, stipitate or sessile, the 
upper surface spongy by the heavy coat of tomentum, the 
margin entire or nearly so; hymenium glabrous, marked with 
radiating, narrow, branched ribs, usually free from or with few 
warts; pileus in structure consisting of an intermediate layer, up 
to 150 » thick, composed of densely longitudinally arranged 
hyaline hyphae about 3 yu in diameter, of a very much broader 
layer forming the tomentum of the upper surface of the pileus, 
and of a hymenial layer containing numerous, flexuous, fusoid 
gloeocystidia up to 60 x 8-12 u; basidia simple, with 4 sterigmata; 
spores hyaline, even, 3-4 x 3 yu; no cystidia found; stem spongy- 
tomentose but often absent. 

Pileus about 2-8 cm. in diameter. 

On rotten wood. Mexico, West Indies, South America, Philip- 
pine Islands, Australia, and the East Indies. The usual species. 

Cladoderris infundibuliformis of the Philippines and the East 
Indies differs from C. dendritica in having the upper side much 
less tomentose, hazel or kaiser-brown in color, radially ridged 
and with the ridges radially squamulose, and the hymenium 
containing some incrusted cystidia. 

Specimens examined: 

Mexico: Orizaba, W. A. & E. L. Murrill, 775 (in N. Y. Bot. 
Gard. Herb., 775, and Mo. Bot. Gard. Herb., 54611). 

Cuba: C. Wright, 279 (in Curtis Herb.); Alto Cedro, Earle & 
Murrill, 443, comm. by N. Y. Bot. Gard. Herb.; Baracoa, 
L. M. Underwood & F. S. Earle, 1217, comm. by N. Y. Bot. 
Gard. Herb., 1139 (in N. Y. Bot. Gard. Herb.) ; Fecha, Habana, 
Cooke & Horne, comm. by Estacion Central Agronomica, 137; 
Oriente, J. A. Shafer, 3748 (in Mo. Bot. Gard. Herb., 62171, 
and N. Y. Bot. Gard. Herb.); Pinar del Rio Province, Earle 
& Murrill, 225, comm. by N. Y. Bot. Gard. Herb. 

Porto Rico: on dead cane, Rio Piedras, J. R. Johnston & J. A. 
Stevenson, 1110 (in Mo. Bot. Gard. Herb., 55091). 

Jamaica: ——————, 331 (in N. Y. Bot. Gard. Herb., and Mo. 
Bot. Gard. Herb., 62172); Castleton Gardens, W. Harris, 
128, comm. by N. Y. Bot. Gard. Herb. under the herbarium 
name Stereum Harrisii Mass.; Moore Town, W. A. & E. L. 
Murrill, 186, comm. by N. Y. Bot. Gard. Herb. 
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Colombia, S. Am.: Cauca River, W. D. Denton, comm. by W. 
G. Farlow. 

Philippine Islands: Todaya, Mindanao, A. D. E. Elmer, 10747 
(in Mo. Bot. Gard. Herb., 705748). 


2. C. floridana Lloyd, Myc. Writ. 4. Letter 47: 15. 1913; 
Mye. Writ. 4. Myc. Notes 39: 535. text f. 784. 1915. 

Plate 1, fig. 2. 

Type: in Lloyd Herb. and in Mo. Bot. Gard. Herb. 

Pileus coriaceous, cup-shaped, flabelliform or orbicular, drying 
tawny olive, spongy tomentose but with the tomentum thinning 
out towards the margin and the surface there zonate, short- 
stipitate or sessile, the margin thin, entire; hymenium wood-brown, 
paler towards the margin, densely, minutely warted, with very 
numerous, short, radially elongated ridges not continuous in a 
branched system; pileus in structure consisting of an intermediate 
layer, about 800 » broad, composed of interwoven, longitudinally 
arranged, hyaline hyphae 214-414 y in diameter, of a broad 
layer of the tomentum of the upper surface of the pileus, and of 
a hymenial layer containing numerous flexuous gloeocystidia up 
to 60 x 414-6 u; spores hyaline, even, 3 x 2 yu; hymenia] warts 
up to 80 » high, 100-200 » in diameter at the base, composed of 
a mass of erect, granule-incrusted hyphae; no cystidia found. 

Pileus up to 5 cm. in diameter. 

On frondose wood. Florida. 

The hymenial warts are conspicuous in sections, even though 
not appreciably elevated above the hymenial surface, by contents 
of localized masses of granule-incrusted hyphae. This incrusting 
matter is of different nature from that usually present in the 
walls of hyphae, because it dissolves completely when the sections 
are treated with dilute potassium hydrate solution; lactic acid 
does not destroy the incrusting matter. 

Specimens examined : 

Florida: Bayard, type, comm. by C. G. Lloyd (in Mo. Bot. 

Gard. Herb., 56609). 


HYPOLYSSUS 
Hypolyssus Persoon, Myc. Eur. 2: 6. 1825, emend. Berkeley, 
Hooker’s London Jour. Bot. 1: 139. pl. 6, f. 1. 1842; Sacc. Syll. 
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Fung. 6: 521. 1888; Engl. & Prantl, Nat. Pflanzenfam. (1:1**): 
127. 1898. 

Fructification urn-shaped or top-shaped, hard, corky; hymen- 
ium even, lateral. 

In adopting the name Hypolyssus and defining it anew, Berke- 
ley stated, loc. cit., ‘‘As Persoon’s genus Hypolyssus is altogether 
effete, and its characters are very like those of the plant before 
us, I have thought it advisable to restore it.” 

This genus differs from Cratereilus by not having the fructifi- 
cations at all fleshy and by their becoming hard when dry. 


1. Hypolyssus Montagnei Berkeley, Hooker’s London Jour. 
Bot. 1: 139. pl. 6, f. 1. 1842; Sacc. Syll. Fung. 6: 521. 1888; 
Engl. & Prantl, Nat. Pflanzenfam. (1:1**): 127. text f. 70 E. 
1898. Plate 1, fig. 4. 

An Hypolyssus foetidus Massee, Jour. Bot. 30: 197. pl. 3265, 
J. 3-6. 1892; Sacc. Syll. Fung. 11: 115. 1895? 

Type: in Kew Herb. probably. 

Fructifications gregarious, dirty white, 1-2 cm. high, hard 
when dry, solid, turbinate or urn-shaped, the apex sterile, convex 
at first, at length slightly depressed; stem slender, central, 
curved, shorter than the pileus when mature; hymenium covering 
the outside of the fructification with the exception of the apex, 
even or nearly so; spores hyaline, even, 3-4 » in diameter, none 
seen attached to basidia. 

Fructifications 1-2 cm. high, 2-7 mm. in diameter. 

On rotten wood. Mexico, Central America, Guadeloupe, and 
South America to Bolivia. February in Mexico, July in Bolivia. 

The fructifications are hard when dry but soften when moist- 
ened so that they may be readily sectioned ; Craterellus taxophilus 
is of somewhat similar form but more fleshy consistency. In all 
the specimens cited below the hymenium is too deteriorated to 
show the basidia in my preparations. H. foetidus occurs on the 
island of St. Vincent in the region of H. Montagne and was 
distinguished from the latter by Massee by fetid odor and 
rugulose hymenium, but there is no observation on record yet as 
to absence of odor for H. Montagnei. Mycological explorers 
rarely note such data. 
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Specimens examined: 
Mexico: near Sanborn, Oaxaca, C. R. Orcutt, 33836 (in N. Y. 
Bot. Gard. Herb. and Mo. Bot. Gard. Herb., 37345). 
Honduras: P. Wilson, 237, comm. by N. Y. Bot. Gard. Herb. 
Guiana: Spruce, 70 (in Curtis Herb.). 
Bolivia: Mapiri, A. M. Bang, distributed by Columbia College 
Herb., 1479 (in Burt Herb., and Mo. Bot. Gard. Herb., 5002). 


CYMATELLA 


Cymatella Patouillard, Soc. Myc. Fr. Bul. 15: 193. pl. 9, f. 4-6. 
1899; Sacc. Syll. Fung. 16:49. 1902. 

Marasmioid fungi, minute, stipitate, reviving with moisture; 
pileus lacking a pellicle; hymenium inferior, lacking lamellae, 


even or slightly wavy; spores hyaline. 


Cymatella is a genus of a few species of tropical fungi, segregated 
from Craterellus, with which the specimens agree in the even 
hymenium and consistency, but related to Marasmius in structure 
of the pileus and the reviving of the specimens with moisture. 
The specimens are not notably marasmioid in the recent gathering 
which I have seen and the genus seems unnecessary. 


1. Cymatella minima Patouillard, Soc. Myc. Fr. Bul. 15: 

193. pl. 9, f.6. 1899; Sacc. Syll. Fung. 16: 49. 1902. 
Plate 1, fig. 6. 

Pileus plano-convex, reniform, glabrous, pale russet (roux), 
3-4 mm. broad, thin, very slightly fleshy, without a pellicle, the 
margin entire, straight, indented at the base; stem filiform, 
stuffed, 3 mm. long, glabrous, black, marasmioid, a little larger 
towards the base, attached to the pileus eccentrically near the 
indentation; trama composed of loosely arranged, septate, pallid- 
reddish hyphae 3-5 » in diameter; hymenium inferior, dark red, 
even or with few radial, shallow undulations; basidia clavate, 
20-23 x 5-6 yu, with 4 sterigmata; no cystidia; spores hyaline, 
even, ovoid, 3-4 y long. 

On decaying bark. Guadeloupe. 

I have seen no specimens of C. minima. The figure, after 
Patouillard, somewhat resembles Craterellus Humphreyi, a much 
larger species, white in color and fleshy. 
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2. C. pulverulenta (Berk. & Curtis) Patouillard, Soc. Myc. 
Fr. Bul. 15: 194. pl. 9, f.4. 1899; Sacc. Syll. Fung. 16: 50. 1902. 
Plate 1, fig. 5. 

Craterellus pulverulentus Berkeley & Curtis, Linn. Soc. Bot. 
Jour. 10: 328. 1868; Sace. Syll. Fung. 6: 520. 1888. 

Type: in Kew Herb. and Curtis Herb. 

Fructification pallid ferruginous; pileus orbicular, pulverulent, 
the margin inflexed; stem thickened towards the base, black; 
hymenium sparingly venose, colored like the pileus. 

Pileus 2 mm. broad; stem 244 mm. long. 

On bark of sticks. Cuba and Porto Rico. May and July. 

A collection of a dozen or so fructifications from Porto Rico by 
Professor Stevens, taken in connection with specimens of the 
type collection in Curtis Herb., shows that while the original 
description of C. pulverulenta by Berkeley & Curtis, literally 
translated above, is correct as far as it goes it does not give details 
enough for critical comparison with C. minima. The specimens 
of C. pulverulenta are plano-convex rather than campanulate 
as stated by Patouillard, and the margin only slightly inflexed, 
entire but slightly notched behind near point of attachment of 
the stem which is sometimes nearly central but usually distinctly 
eccentric. The spores are hyaline, even, 314 x 2 u in the type, 
3-6 x 2-214 » in more copious occurrence in the Porto Rican 
gathering, and the hyphae slightly colored, 3-4 y in diameter. 
The dry specimens in Curtis Herbarium now have the upper 
surface of the pileus Natal brown of Ridgway and the hymenium 
and the stem bone-brown. 

Specimens examined: 

Cuba: C. Wright, 564, type (in Curtis Herb.). 
Porto Rico: Monte Alegullo, F. L. Stevens, 1358 (in Mo. Bot. 

Gard. Herb., 55402, and Stevens Herb.). 


3. C. marasmioides (Berk. & Curtis) Patouillard, Soc. Myc. 
Fr. Bul. 15: 194. pl. 9, f. & 1899; Sace. Syll. Fung. 16: 50. 
1902. 

Craterellus marasmioides Berkeley & Curtis, Linn. Soc. Bot. 
Jour. 10: 328. 1868; Sacc. Syll. Fung. 6: 520. 1888. 

Type: in Curtis Herb. and Kew Herb. probably. 
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Pileus eccentric, rugose, glabrous, rufous, the margin inflexed; 
stem springing from creeping rhizomorphs, thickened below, 
black ; hymenial folds thick, venose; basidia simple; spores hyaline, 
even, globose, 4 » in diameter—only one found and this not 
attached to a basidium; no cystidia. 

Pileus 114-2 mm. in diameter; stem 1-3 mm. long, about 140 
yw in diameter. 

On dead ferns. Cuba. 

The fructifications are solitary or in small clusters of up to 5, 
branching from a common point o ‘he bark and bone-brown 
throughout ; stem central or eccentric in attachment to the pileus. 
The note on the label as to substratum is ‘‘on stumps.’’ 

Specimens examined: 

Cuba: C. Wright, 32, type (in Curtis Herb.). 


Skepperia Berkeley, Linn. Soc. Bot. Trans. 22: 130. pl. 25, 
Jj. A. 1857; Sacc. Syll. Fung. 6: 603. 1888; Engl. & Prantl, Nat- 
Pflanzenfam. (1:1**): 127. tert f. 70. A-D. 1898. 

Stem short, lateral, abruptly passing over and confluent for 
some distance with the upper side of the pileus; pileus clavate, 
convolute on each side so as to form a longitudinal groove, 
fibrous within. 

Skepperia convoluta is the type species. 

Skepperia is a genus of tropical fungi of which three species 
have been described; two of these occur in South America and 
one in the West Indies. 


1. Skepperia spathularia (Berk. & Curtis) Patouillard, Soc. 
Mye. Fr. Bul. 15: 194. pl. 9, f. 3. 1899; Sacc. Syll. Fung. 16: 189. 
1902. Plate 1, fig. 3. 

Craterellus spathularius Berkeley & Curtis, Linn. Soc. Bot. 
Jour. 10: 328. 1868; Sacc. Syll. Fung. 6: 603. 1888. 

Type: in Curtis Herb. and Kew Herb. probably. 

Fructifications minute, stipitate, everywhere pinkish buff in 
dried condition; pileus oblique, spathulate; stem springing from 
an orbicular base, becoming glabrous; pileus in structure 40-80 u 
thick, composed of a layer of longitudinally arranged hyphae 
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and the hymenial layer; hymenium inferior, nearly even; no 

cystidia; basidia simple; spores hyaline, even, 5-714 x 3-4 u. 
Dried fructifications about 244 mm. long; pileus 1-144 mm. 

long, 1 mm. broad; stem 1 mm. long, 120 y» in diameter. 
On dead wood in Cuba and on Nostoc coating rocks in Trinidad. 
Specimens examined: 

Cuba: C. Wright, 3, type (in Curtis Herb.). 

Trinidad: Maravel Beach, near Port of Spain, R. Thazter (in 
Farlow Herb.). 


CYTIDIA 


Cytidia Quelet, Fl. Myc. Fr.—. 1888; Patouillard, Essai Tax. 

. . 3 Bourdot & Galzin, Soc. Myc. Fr. Bul. 26: 222. 

1910; Rea, Brit. Basid. 697. 1922.—Lomatia Karsten, Finska 

Vet.-Soc. Bidrag Natur och Folk 48: 403. 1889.—Auriculariopsis 

R. Maire, Rech. Cyt. Tax. 102. 1902, and Soc. Myc. Fr. Bul. 18: 
Suppl. 102. 1902; Sacc. Syll. Fung. 21: 423. 1912. 

Fructifications coriaceous-gelatinous, cup-shaped, sessile, scat- 
tered or crowded, often confluent; hymenium even at first, 
becoming more or less wrinkled or veined; basidia simple; spores 
white. 

Cytidia is a genus whose few species have usually been included 
in Corticium but differ from this genus in being resupinate by 
the middle only, with margins free as in some species of Stereum. 
The configuration of the hymenial surface is decidedly merulioid 
in our single indigenous species. 

Kay TO THE SPECIES 


White or nearly so, pubescent or tomentose................... 1. C. flocculenta 
White villose; hymenium blood-red... ..... 2.2.2... cece cece eee 2. C. salicina 


Deep olive-buff to drab; hymenium becoming coarsely merulioid . ..3. C. tremellosa 

1. Cytidia flocculenta (Fr.) v. Héhn. & Litsch. K. Akad. 
Wiss. Wien Sitzungsber. 116: 758. 1907; Wiesner Festschr. 
Wien 61. 1908; Bourdot & Galzin, Soc. Myc. Fr. Bul. 26: 222. 
1910; Rea, Brit. Basid. 697. 1922. Plate 1, fig. 7. 

Thelephora flocculenta Fries, Elench. Fung. 1: 184. 1828.— 
Corticium flocculentum Fries, Epicr. 559. 1838; Hym. Eur. 647. 
1874; Sacc. Syll. Fung. 6: 605. 1888.—Cyphella ampla Léveillé, 
Ann. Sci. Nat. Bot. III. 9: 126. 1848; Fries, Hym. Eur. 662. 
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1874; Sacc. Syll. Fung. 6: 667. 1888; Patouillard, Tab. Anal. 
Fung. 1: 113. f. 254. 1884.—Auriculariopsis ampla (Lév.) R. 
Maire, Soc. Myc. Fr. Bul. 18: Suppl. 102. pl. 3, f. 22. 1902; Sacc. 
Syll. Fung. 21: 423. 1912.—Stereum pubescens Burt, Mo. Bot. 
Gard. Ann. 7: 178. pl. 5. f. 50. 1920. 

Fructifications membranaceous, cup-shaped, sessile, white- 
tomentose, the margin entire, free all around; hymenium veined, 
fawn-color or bright brown; spores white, even, 6-10 x 3-4 u. 

Fructifications 3-10 mm. in diameter, reflexed 1-3 mm. 

On Saliz. Montana and Wyoming. April and May. Rare. 

In Europe, this fungus is more frequent on Populus. I de- 
scribed the Montana gathering as Stereum pubescens with some 
misgivings. A more recent collection from Wyoming has finally 
enabled me to refer this species to Cytidia flocculenta, a reference 
which I have confirmed by specimens kindly communicated to 
me by Bourdot. Since C. flocculenta occurs in the United States 
on Saliz, gatherings in the past may have been referred to 
the common Cytidia (Corticium) salicina, from which it differs 
in smaller, more heavily tomentose pilei and much shorter 
spores. 

Specimens examined: 

France: Allier, H. Bourdot, 4726, and two unnumbered specimens; 
Aveyron, A. Galzin, 13021, comm. by H. Bourdot, 22632. 
Montana: Sheridan, Mrs. L. A. Fitch, in Ellis Collection, 7014, 

type of Stereum pubescens (in N. Y. Bot. Gard. Herb., and Mo. 

Bot. Gard. Herb., 56784). 

Wyoming: Boulder, F. 8S. Wolpert, comm. by J. R. Weir, 9742 
(in Mo. Bot. Gard. Herb., 56222). 


2. C. salicina (Fries) Burt, n. comb. 

Thelephora salicina Fries, Syst. Myc. 1: 442. 1821.—Corticium 
salicinum Fries, Epicr. 558. 1838; Hym. Eur. 647. 1874; Sacc. 
Syll. Fung. 6: 605. 1888; Massee, Linn. Soc. Bot. Jour. 27: 118. 
pl. 6,f.1. 1890.—Lomatia salicina (Fr.) Karsten, Finska Vet.- 
Soc. Bidrag Natur och Folk 48: 404. 1889; Icones Hym. Fenniae, 
6. f. 10. 1885.—An Cytidia rutilans (Pers.) Quelet in Rea, Brit. 
Basid. 698. 19227 Plate 1, fig. 8. 

Type: authentic specimen from Fries in Kew Herb. 
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Fructifications coriaceous, soft, drying horn-like, rigid, pezizoid 
when young, becoming expanded, more or less confluent, affixed 
by the center, the margin free all around and upturned, minutely 
white-villose ; hymenium blood-red, even at first, drying somewhat 
wrinkled; in structure 400-800 » thick, composed of parallel, 
longitudinally arranged and ascending hyphae with narrow 
lumen and walls gelatinously modified; basidia simple, with 2 or 
4 sterigmata; spores hyaline, even, cylindric, curved, 12-15 x 
314-5 wu in American specimens, 16-18 x 6-8 y» in European 
specimens as recorded by Karsten also. 

Fructifications 1-2 mm. in diameter at first, at length up to 
6-12 mm. long by confluence. 

On dead limbs of Salix. Northern Europe and Canada and 
northern United States. May to December. Common. 

Rea gives Corticium salicinum as a synonym of Cytidia rutilans 
(Pers.) Quel., with spores globose, 8 » in diameter. I do not 
find a species rutilans in the index of Persoon’s ‘Synopsis Fungo- 
rum’ for any thelephoraceous genus and have not access to 
Quelet’s ‘Fl. Myc. France.’ The globose spores point to a differ- 
ent species from Corticium salicinum Fries, with an authentic 
specimen of which, in Kew Herbarium, I compared one of my 
gatherings. The description of Thelephora cruenta Persoon, Syn. 
Fung., is too vague to take priority for the specific name over 
salicinum of Fries. 

Specimens examined: 

Exsiccati: Bartholomew, Fungi Col., 4218; Ellis, N. Am. Fungi, 
609; Ell. & Ev., Fungi Col., 1212; Shear, N. Y. Fungi, 54; de 
Thiimen, Myc. Univ., 114. 

Sweden: E. Fries (in Kew Herb.). 

Finland: Mustiala, P. A. Karsten, in de <vaea, Myc. Univ., 
114. 

Austria: Gastein Salisb., Niess! (in Mo. Bot. Gard. Herb., 
43459); Innsbruck, V. Litschauer. 

Canada: J. Macoun. 

Ontario: Byron, J. Dearness, in Bartholomew, Fungi Col., 4218; 
Ottawa, J. M. Macoun, 15, comm. by N. Y. State Mus. Herb. 
(in Mo. Bot. Gard. Herb., 56082); Toronto, J. H. Faull, Univ. 
Toronto Herb., 315 (in Mo. Bot. Gard. Herb., 44882). 




















(Vor. 11 


12 ANNALS OF THE MISSOURI BOTANICAL GARDEN 





Maine: Cumberland, J. Blake, comm. by P. L. Ricker; Piscata- 
quis County, W. A. Murrill, 2089 (in N. Y. Bot. Gard. Herb., 
and Mo. Bot. Gard. Herb., 61421). 

New Hampshire: Shelburne, W. G. Farlow (in Mo. Bot. Gard. 
Herb., 4777, 4836). 

Vermont: Middlebury, FE. A. Burt, three collections and in Ell. 
& Ev., Fungi Col., 1212; Shelburne, C. G. Pringle, 1044 (in N. 
Y. State Mus. Herb., and Mo. Bot. Gard. Herb., 55908). 

Massachusetts: Cambridge, W. G. Farlow (in Mo. Bot. Gard. 
Herb., 4386). ° 

Connecticut: Litchfield, Miss V. S. White (in N. Y. Bot. Gard. 
Herb., and Mo. Bot. Gard. Herb., 61360). 

New York: Albany, C. H. Peck, in Ellis, N. Am. Fungi, 609, 
H. D. House (in N. Y. State Mus. Herb., and Mo. Bot. Gard. 
Herb., 59692); Alcove, C. L. Shear, in Shear, N. Y. Fungi, 
54; East Galway, EZ. A. Burt; Ithaca, L. B. Walker, 3 (in 
Mo. Bot. Gard. Herb., 6693); Middle Grove, E. A. Burt; Van 
Etten, W. C. Barbour, 1299 (in N. Y. Bot. Gard. Herb., and 
Mo. Bot. Gard. Herb., 61666). 

Pennsylvania: Trexlertown, W. Herbst, comm. by C. G. Lloyd, 
0053. 

Michigan: Ann Arbor, EZ. B. Mains, comm. by A. H. W. Povah, 
888 (in Mo. Bot. Gard. Herb., 58173); East Lansing, G. H. 
Hicks (in Mo. Bot. Gard. Herb., 4850); Marquette County, 
W. Trelease (in Mo. Bot. Gard. Herb., 60659). 

Wisconsin: Palmyra, comm. by Univ. Wis. Herb., 58. 

Colorado: Placer, C. L. Shear, 1022; Canyon City, T. S. Brande- 
gee (in N. Y. Bot. Gard. Herb., and Mo. Bot. Gard. Herb., 
61427). 

Manitoba: Shoal Lake, J. L. Conners, comm. by G. R. Bisby 
(in Mo. Bot. Gard. Herb., 58973). 

Idaho: Priest River, J. R. Weir, 95, 357 (in Mo. Bot. Gard. 
Herb., 9534 and 17037 respectively). 

Washington: Falcon Valley, W. N. Suksdorf, 2. 


3. C. tremellosa Lloyd, Myc. Writ. 4. Myc. Notes 38: 516. 
text f. 512, 618. 1912. Plate 1, fig. 9. 


Type: in Lloyd Herb. probably. 
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Fructifications coriaceous, soft, resupinate, at first circular, 
pezizoid, and with the thickened, paler margin slightly upturned, 
at length confluent, effused, and with the hymenial surface 
merulioid by the elevated confluent margins and reticulate 
veins, drying deep olive-buff to drab; hyphae with walls gelatin- 
ously modified, nodose-septate; basidia simple, with 2-4 sierig- 
mata; spores white in spore collection, simple, even, 8-11 x 5-6 


[be 

Fructifications at first 1-3 mm. in diameter, finally confluent 
over areas 3-8 X 3-5 cm. 

On bark of decaying limbs of frondose species in low woods. 
Louisiana. November to June. 

Although the young fructifications of C. tremellosa are decidedly 
pezizoid in aspect, yet, in the specimens seen by me, these small 
fructifications are in such close proximity to resupinate confluent 
masses of the same color that the resemblance to a Merulius 
is the more striking. 

Specimens examined: 

Louisiana: St. Martinville, A. B. Langlois, 2620, 2670, aw, 594 

(in N. Y. Bot. Gard. Herb., and Mo. Bot. Gard. Herb., 61681); 


C. G. Lloyd, 2402 (in N. Y. Bot. Gard. Herb. and Burt Herb.). 


SOLENIA 


Solenia Persoon, Roemer Neues Mag. Bot. 1: 116. 1794; Syn. 
Fung. 675. 1801; Myc. Eur. 1: 334. 1822; Hoffman, Deutschl. 
Fl. 2: pl. 8. 1795; Fries, Syst. Myc. 2: 200. 1823; Hym. Eur. 
595. 1874; Sacc. Syll. Fung. 6: 424. 1888; Engl. & Prantl, Nat. 
Pflanzenfam. (1:1**): 129. 1898; Rea, Brit. Basid. 701. 1922. 

Fructifications coriaceous or membranaceous, sessile or nearly 
so, cylindric or turbinate, gregarious, fasciculate, rarely solitary, 
but not joined together except by confluence, seated on a super- 
ficial, felt-like, floccose and sometimes fugacious mycelium; 
basidia simple; spores white or colored. 

The type species is Solenia candida Pers. 

Solenia is closely related to Cyphella but differs from the latter 
by more numerous and less scattered fructifications whichare more 
cylindric in the case of most species, and in having the gregarious 
fructifications seated on a more or less manifest mycelium. The 








<=. 











(Vou. 11 
14 ANNALS OF THE MISSOURI BOTANICAL GARDEN 


priority of Persoon’s publication of Solenia is clearly established 
by Hoffmann’s own work, for on the page of text following plate 
8 he gives the full title of Persoon’s work and its place of publi- 
cation. 


Kery TO THE SPECIES 


III 650605 oworant sesh exdien pedde Ose eeerbasts santesewbucs daca 
I I i ieee a eesnies 6 cbceeaas pes centvanes Fendeee 11. 8. copia 
1. Fructifications white or but slightly cream-colored................ 
ES CRS EF TRE EOL EEE PERE: : 
2. Fructifications white, scattered, cylindric, mouth not contracted; spores 
ING 6s oss v's co 4inev nbd cece 3 dc oh ae deeb onraenapebees 1. 8. candida 
2. Fructifications white, fasciculate, mouth contracted; spores subglobose 
pei eee rc Gre det eaigt hat waa as weislemita > wig plated eb as erate 2. S. fasciculata 
2. Fructifications straw-color or shining white; in California....12. S. gracilis 
2. Fructifications white, crowded, confluent into a reticulate form; spores 
NE cee eae ea aes oboe caddies cnend 3. S. polyporoidea 
2. Fructifications densely crowded, slightly tinted with cream; spores 
ee aos avs con a'e SS Sb ga Wea de cee bed esse aeecasad 4. 8. conferta 
2. Fructifications white, cylindric, villose; in Sweden............... 18. S. villosa 
3. Fructifications ochraceous; spores 10-11 <X 414 uw; on stems of 
Ns al tc hdwn ye & SAkd ey ABO aac bees MERE Bae wie 5. 8. filicina 


3. Fructifications sulphur-colored; spores subglobose....¢. S. sulphurea 
3. Fructifications some shade of brown; spores 6-11 X 14-44% »w 


is che dices oe cen neds Oa 0H Aes eee 7. 8. anomala 
3. Fructifications pallid neutral gray, cylindric-clavate or pyriform; 

apanen © 34 S56 ts ft COMBMM: «0 oi. no. ce ccccccececes 8. S. cinerea 
3. Fructifications cinereous, cup-shaped, sessile; spores 444-614 X 

EG ks cvccuesssad tau teVPecencceeenewaes 9. S. poriaeformis 
3. Fructifications partially buried in the subiculum; spores 5-6 X 

Se Bie NG i.e x 0s v.00 84s co dtnvendccpen 10. S. subporiaeformis 


1. Solenia candida Persoon, Roemer Neues Mag. Bot. 1: 
116. 1794;Syn. Fung. 676. 1801; Myc. Eur. 1:334. 1822; Hoff- 
mann, Deutschl. Fl. 2: pl. 8, f.1. 1795; Fries, Syst. Myc. 2: 200. 
1823; Hym. Eur. 596. 1874; Sacc. Syll. Fung. 6: 424. 1888; 
Bourdot & Galzin, Soc. Myc. Fr. Bul. 26: 226. 1910; Rea, 
Brit. Basid. 702. 1922. 

Fructifications scattered or solitary, 2-3 mm. high, cylindric, 
shining white, glabrous; spores hyaline, even, 4-5 x 3144-4 u. 

On rotten wood, New York to Louisiana, and on palm in 
Bermuda. August to December. Rare. 

The specimens which I have referred to S. candida are white 
when fresh but becoming pale pinkish buff in the herbarium, 
uniformly cylindric, often only 1 mm. long by 150 y in diameter, 














1924] 
BURT—THE THELEPHORACEAE OF NORTH AMERICA. XIII 15 


and notable by the mouths being nearly or quite the full diameter 

of the cavity of the fructification, as though the fructification 

were truncate. In Hoffmann’s illustration, cited for S. candida by 

Persoon in his following works, the enlarged figure shows the 

fructifications as true cylinders with mouths open the full width 

of the cavity. In this figure the fructifications are enlarged to 
length of about 4 mm. and diameter of about 1 mm. and about 
the same distance apart as their length. In the collections which 

I refer to S. candida, the fructifications may be closer together 

than their length but always with small spaces between the fructi- 

fications, which are soft and crush easily under the cover glass in 
preparations. 
Specimens examined: 

New Hampshire: Hanover, G. R. Lyman, 32 (in N. Y. Bot. Gard. 
Herb., and Mo. Bot. Gard. Herb., 61693). 

New York: Buffalo, G. W. Clinton (in U. S. Dept. Agr. Herb., 
under the name Solenia fasciculata, and in Burt Herb.); East 
Galway, E. A. Burt. 

Louisiana: St. Martinville, A. B. Langlois, 1743. 

Bermuda: S. Brown, N. L. Britton & F. J. Seaver, 1499 (in N. 
Y. Bot. Gard. Herb., and Mo. Bot. Gard. Herb., 61649). 


2. S. fasciculata Persoon, Myc. Eur. 1: 335. pl. 12, f. 8 and 9. 
1822; Fries, Syst. Myc. 2: 200. 1823; Hym. Eur. 596. 1874; 
Schweinitz. Am: Phil. Soc. Trans. N.S. 4: 180. 1832; Morgan, 
Cincinnati Soc. Nat. Hist. Jour. 9: 7. 1886; Sacc. Syll. Fung. 
6: 424. 1888; Bourdot & Galzin, Soc. Myc. Fr. Bul. 26: 225. 
1910; Rea, Brit. Basid. 702. 1922.—An Solenia gracilis Cope- 
land, Ann. Myc. 2: 508. 1904? 

Fructifications gregarious and usually fasciculate, cylindric- 
clavate, somewhat enlarged towards the apex, 2-7 mm. high, 
white, minutely silky, almost smooth, sometimes rising from a 
thin, white mycelium; spores of European specimens white, 
even, 4-514 x 3-4 u, 46 X 3-5 u in American specimens. 

The specimens of S. fasciculaia from France, sent to me by 
Bourdot and determined by him, have retained their white 
color for the seven years since gathered ;they are seated on a white 
subiculum, common to the group of fructifications, and are 
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soft and easily crushed under the cover-glass in preparations 

and the hairs on the outside of the fructifications are colorless 

and soft in my preparations stained with eosin. The American 

specimens become pallid in the herbarium in a short time and 

may have spores slightly larger than European specimens. Two 

of our gatherings cited below have still the thin mycelium or 

subiculum, common to small groups of young fructifications; 

this apparently disappears as the fructifications become older and 

is not evident in most gatherings. The diameter of the mouth is 

somewhat smaller than that of the cavity into which it opens in 

this species, so that the apex is merely obtuse. 
Specimens examined: 

Exsiccati: Ellis, N. Am. Fungi, 937, under the name Solenia 
villosa; Ravenel, Fungi Car. 4: 21. 

France: Loubotis, A. Galzin, 18240, 18241, comm. by H. Bourdot, 
16094 and 15752 respectively. 

Canada: Toronto, J. H. Faull, Univ. Toronto Herb., 640 (in 
Mo. Bot. Gard. Herb., 44909). 

Vermont: Middlebury, E. A. Burt, three gatherings. 

New York: Altamont, Z. A. Burt; East Galway, E. A. Burt. 

New Jersey: Newfield, Ellis & Harkness, in Ellis, N. Am. Fungi, 
937. ‘ 

Virginia: Mountain Lake, W. A. Murrill, 403 in part (in Mo. 
Bot. Gard. Herb., 54531). 

South Carolina: H. W. Ravenel, in Ravenel, Fungi Car. 4: 21. 

Florida: Daytonia, R. Thaxter, comm. by Farlow Herb., 234 
(in Mo. Bot. Gard. Herb., 63044). 

Louisiana: St. Martinville, A. B. Langlois, 2998. 


3. S&S. polyporoidea Peck, Mss. n. sp. 

Solenia villosa Fr. var. polyporoidea Peck, N. Y. State Mus. 
Rept. 41: 86. 1888. 

Type: in N. Y. State Mus. Herb. 

At first granuliform and distinct, finally confluent along the 
sides in contact and forming a more or less connected, reticulate 
layer with the bare wood showing in many little areas 14-1 mm. 
in diameter; no subiculum present; fructifications pure white, 
sessile, tubular, 700 » long, 200-300 » in diameter, about 5 to a 
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mm. where confluent, the free surfaces of the exterior clothed 
with weak, matted, hyaline, even hairs up to 30 u long by 1 » in 
diameter; spores copious, hyaline, even, subglobose, slightly 
flattened on one side, 444-5 x 4-41 u. 

Covering areas 3-7 cm. long, 4% cm. broad. 

On decorticated, decaying wood of Tsuga. Adirondack 
Mountains, New York. 

The hairs on the exterior are like ordinary hyphae of the walls 
and radiate outward only up to 30 » rather than like the much 
larger, distinctive, external hairs of C. fasciculata; the cups are 
so firmly grown together that they are more or less mutilated and 
the walls torn in teasing the fructifications apart with needles 
under the dissecting microscope when immersed in water. This 
species is noteworthy by the confluence of the cups as well as by 
the matted, weak hairs. 

Specimens examined: 

New York: Adirondack Mts., C. H. Peck, type (in N. Y. State 

Mus. Herb.). 


4. S. conferta Burt, n. sp. 

Type: in Mo. Bot. Gard. Herb. 

Fructifications crowded, sometimes up to 4 to a mm. and then 
somewhat confluent, cylindric, white with slight creamy tint, 
clothed with slender, appressed, even hairs 75 x 214-3 u, sub- 
hyaline, slightly yellowish in preparations stained with eosin; 
basidia simple, 12-15 x 44, with 4 sterigmata; spores white in 
@ spore collection, even, 4-6 X 2-3 u. 

Fructifications about 1 mm. high, 200-300 » in diameter, 
covering areas 10 cm. or more in diameter. 

On rotten wood. Alabama and Missouri. November. 

This species may be only a small-spored form of S. fasciculata 
but it seems to me distinct by its fructifications becoming 
densely crowded and somewhat confluent, by the smaller spores, 
and by the hairs being slightly yellowish. It was distributed by 
Ravenel under the name S. villosa, with the European concept 
of which it does not agree. Where most densely crowded, the 
fructifications shrink apart in drying, showing bare areas of wood 
as in S. polyporoidea from which S. conferta differs in oblong 
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spores and larger, true, external hairs and less marked confluence 

of fructifications. 
Specimens examined: 

Exsiccati: Ravenel, Fungi Car. 5: 42, under the name Solenia 
villosa. 

Alabama: Peters, in Ravenel, Fungi Car. 5: 42. 

Missouri: Meramec Highlands, L. O. Overholis, type (in Mo. 
Bot. Gard. Herb., 14505). 


5. S. filicina Peck, N. Y. State Mus. Rept. 28: 52. 1876; 
Sacc. Syll. Fung. 6: 426. 1888. 

An S. villosa Fr? var., Bourdot & Galzin, Soc. Myc. Fr. Bul. 
26: 225. 1910? 

Type: in N. Y. State Mus. Herb. 

‘‘Cups springing from an ochraceous, white-margined, tomen- 
tose subiculum, elongated, clavate or cylindrical, deflexed, 
clothed with appressed hairs or tomentum, ochraceous; spores 
hyaline, broadly fusiform, containing one or two nuclei,’’ even, 
10-11 x 4% uy; basidia simple. 

Fructifications about 250-350 » in diameter. 

Base of living fern stems. Lake Pleasant, New York. August. 

Peck noted that the basal part of the cups sometimes turns 
brown and shrinks in drying so that they appear stipitate. In 
the course of nearly fifty years, the subiculum and cups have 
become clay color with the margin paler. The hairs clothing the 
fructifications are only very slightly colored, even, flexuous, 
75-85 x 3-314 u, tapering to a sharp tip; the spores are not 
curved but straight, with equal sides, tapering to both base and 
apex. 

Specimens examined: 

New York: Lake Pleasant, C. H. Peck, type (in N. Y. State 

Mus. Herb.). 


6. S. sulphurea Saccardo & Ellis, Michelia 2: 564. 1882; 
Sacc. Syll. Fung. 6: 426. 1888. 

Type: probably in Saccardo Herb., and N. Y. Bot. Gard. Herb. 

Fructifications gregarious, sometimes rather crowded and up 
to 2-3 to a mm., cup-shaped, short-stemmed, sulphur-colored, 
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fading in the herbarium, strigose-pilose, the margin whitish 
fringed; hairs minutely rough, flexuous, 75-90 x 4-41 u, sharp- 
pointed; spores hyaline, even, subglobose, 6-714 u in diameter, 
copious. 

Fructifications 250-400 » in diameter and of about the same 
height. 

On dead places in living trunk of Magnolia glauca. Newfield, 
New Jersey. January and April. Apparently local. 

The specimens which I have seen were collected forty years 
ago and now show only traces of the original color, which is 
noted on the packets as ‘‘yellowish white when fresh, with white 
fringed margin, and disk white or nearly so.’’ The larger 
globose spores should distinguish this species from Cyphella 
sulphurea and C. laeta. 

Specimens examined: 

New Jersey: Newfield, J. B. Ellis, four gatherings (in N. Y. Bot. 

Gard. Herb., Burt Herb., and Mo. Bot. Gard. Herb., 61697- 

61700). 


7. S. anomala (Pers.) Fuckel, Symb. Myc., App. 1: 290. 
1872; Fries, Hym. Eur. 596. 1874; Sacc. Syll. Fung. 6: 427. 
1888; Bourdot & Galzin, Soc. Myc. Fr. Bul. 26: 227. 1910; Rea, 
Brit. Basid. 702. 1922. 

Peziza anomala Persoon, Obs. Myce. 1: 29. 1796; Syn. Fung. 
656. 1801; Fries, Syst. Myc. 2: 106. 1823.—P. stipata Persoon, 
Myce. Eur. 1:270. 1822.—/Solenia ochracea Hoffmann, Deutschl. 
Fl. 2: pl.8,f.2. 1795; Persoon, Syn. Fung. 675. 1801; Myc. Eur. 
1: 334. 1822; Fries, Syst. Myc. 2: 201. 1823; Hym. Eur. 596. 
1874; Morgan, Cincinnati Soc. Nat. Hist. Jour. 9:8. 1886; Sacc. 
Syll. Fung. 6: 425. 1888; Karsten, Finska Vet.-Soc. Bidrag 
Natur och Folk 48: 283. 1889; Bourdot & Galzin, loc. cit.—S. 
anomaloides Peck, Torr. Bot. Club Bul. 25:326. 1898; Sacc. Syll. 
Fung. 16: 173. 1902.—S. anomala var. ochracea (Hoffm.) Berk. 
in Rea, loc. cit—An S. confusa Bresadola, Ann. Myce. 1: 84. 
1903? 

Fructifications drying Dresden brown, snuff-brown, or Rood’s 
brown, turbinate or pyriform, crowded or scattered, clothed 
with thick-walled hairs 214-3 u in diameter which give their color 
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to the fructifications and at the apex of the fructifications are 
often rough-walled near their tips; hymenium paler, urceolate, 
the margin incurved; basidia simple, with 4 sterigmata; spores 
hyaline, even, cylindric, curved, 6-11 x 1144-44 u. 

Fructifications in dried condition 4-1 mm. high, 200-300 » 
in diameter, where crowded 3-4 to a mm. 

Usually crowded into small areas on pustules or crevices in the 
bark of dead twigs of Alnus, Prunus, Quercus, Betula, Saliz, etc., 
or covering broad areas of decorticated wood, fewer and more 
scattered when the wood is very rotten. Throughout Europe, 
Newfoundland to Louisiana, westward to Oregon and British 
Columbia, and in Porto Rico. August to May. Common. 

European specimens of S. anomala in the exsiccati cited below 
have somewhat larger spores than those of gatherings from 
eastern United States but do not differ at all from those of the 
extreme West. Those from British Columbia have spores 7-10 x 
4-416 y and hairs rough near the tips, agreeing in both respects 
with the Westendorp distribution from Belgium. In one Colo- 
rado and one Montana gathering the spores are 3 y thick, as in 
those of the Berkeley and the Libert distributions, and in another 
Colorado specimen 3-314 » thick as in the Cavara distribution. 
They are 214 » thick in two Montana gatherings and in the 
Rabenhorst distribution, although many of the latter are only 
2 w thick as is the usual thickness of spores of New York and 
New England gatherings. In my opinion these spore differences 
do not warrant specific distinction, and I doubt furthermore 
whether S. confusa of Europe, separated from S. anomala on the 
sole ground of spores 7-10 x 2-214 uy, is really distinct from the 
latter. The distributions by Berkeley, Libert, and Cavara are 
true intermediates. 

Specimens examined: 

Exsiccati: Bartholomew, Fungi Col., 2085, under the name S. 
ochracea; Berkeley, Brit. Fungi, 260; Cavara, Fungi Longo- 
bardiae, 108; Cooke, Fungi Brit., 405, under the name S. 
ochracea; Desmaziéres, Crypt. France, 1059; Ellis, N. Am. 
Fungi, 611, under the name S. ochracea; Reliquiae Farlowianae, 
363; Karsten, Fungi Fenniae Exs., 7; Kunze, Fungi Sel. Exs., 
301; Libert, Pl. Crypt. Arduennae, 227; Rabenhorst, Herb. 
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Myc., 307; Ravenel, Fungi Car. 4: 7; Saccardo, Myc. Veneta, 
1407, 1408; Sydow, Fungi Exotici, 323; Westendorp, Herb. 
Crypt. Belge, 398. 

Finland: P. Karsten, in Karsten, Fungi Fenniae Exs., 7. 

Sweden: Tyroso, L. Romell, No. A in part. 

Germany: Dresden, in Rabenhorst, Herb. Myc., 307. 

Austria: Sonntagberg, P. Strasser (in Mo. Bot. Gard. Herb., 
42683). 

Switzerland: G. Winter, in Kunze, Fungi Sel. Exs., 301. 

Italy: Padua, in Cavara, Fungi Longobardiae, 108; in Saccardo, 
Myce. Veneta, 1407, 1408. 

France: in Desmaziéres, Crypt. France, 1059; in Libert, Pl. 
Crypt. Arduennae, 227. 

Belgium: Bruges, in Westendorp, Herb. Crypt. Belge, 398. 

England: in Berkeley, Brit. Fungi, 260; Shrewsbury, W. Phillips, 
in Cooke, Fungi Brit., 405, under the name S. ochracea. 

Newfoundland: Bay of Islands, A. C. Waghorne (in Mo. Bot. 
Gard. Herb., 4601). 

Canada: Ontario, Kenora, A. H. R. Buller, 559 (in Mo. Bot. 
Gard. Herb., 58979); London, J. Dearness, in Bartholomew, 
Fungi Col., 2085, and Sydow, Fungi Exotici, 323. 

Maine: Kittery Point, R. Thaxter & E. A. Burt. 

Vermont: Middlebury, EZ. A. Burt, three collections. 

Massachusetts: Arlington, E. A. Burt; Cambridge, M. A. Barber; 
Milton, H. Webster, 800; Newton, M. A. Barber (in Mo. Bot. 
Gard. Herb., 3913); Sharon, W. G. Farlow (in Mo. Bot. Gard. 
Herb., 62749); A. P. D. Piguet, in Reliquiae Farlowianae, 
363. 

New York: Bronx Park, W. A. Murrill (in N. Y. Bot. Gard. 
Herb., and Mo. Bot. Gard. Herb., 61688); Syracuse, A. H. W. 
Povah, 890 (in Mo. Bot. Gard. Herb., 58175); L. M. Under- 
wood (in N. Y. Bot. Gard. Herb., and Mo. Bot. Gard. Herb., 
61690); White Plains, L. M. Underwood (in Mo. Bot. Gard. 
Herb., 61687). 

Pennsylvania: Bethlehem, Ellis & Harkness, in Ellis, N. Am. 
Fungi, 611. 

South Carolina: H. W. Ravenel, in Ravenel, Fungi Car. 4: 20. 

Louisiana: St. Martinville, A. B. Langlois. 
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Michigan: Beal, 214, type of Solenia anomaloides (in N. Y. State 
Mus. Herb.). 

Iowa: Webster County, 0. M. Oleson, 446 (in Mo. Bot. Gard. 
Herb., 14556); Woodbine, Humphrey & Edgerton, comm. by 
C. J. Humphrey, 6510 (in Mo. Bot. Gard. Herb., 42920). 

Missouri: Concordia, Demetrio (in Mo. Bot. Gard. Herb., 4592); 
Creve Coeur, S. M. Zeller, 1567 (in Mo. Bot. Gard. Herb., 
55567). 

Nebraska: Lincoln, L. B. Walker (in Mo. Bot. Gard. Herb., 
55016). 

Colorado: Geneva, F. J. Seaver & E. Bethel (in N. Y. Bot. Gard. 
Herb., and Mo. Bot. Gard. Herb., 61692) ; Tolland, F. J. Seaver 
& E. Bethel (in N. Y. Bot. Gard. Herb., and Mo. Bot. Gard. 
Herb., 61691). 

Montana: Choteau, J. A. Hughes, comm. by J. R. Weir, 5489 (in 
Mo. Bot. Gard. Herb., 55947); Helena, F. D. Kelsey (in Mo. 
Bot. Gard. Herb., 62750); Missoula, J. R. Weir, 424 (in Mo. 
Bot. Gard. Herb., 22430); Sheridan, Miss Fitch (in N. Y. 
Bot. Gard. Herb., and Mo. Bot. Gard. Herb., 61689). 

Oregon: Corvallis, S. M. Zeller, 2064 (in Mo. Bot. Gard. Herb., 
57504). 

British Columbia: Sidney, J. Macoun, 67 (in Mo. Bot. Gard. 
Herb., 5745); Victoria, J. Macoun, 568 (in Mo. Bot. Gard. 
Herb., 55308). 

Porto Rico: Rio Piedras, J. A. Stevenson & R. C. Rose, 6632 
(in Mo. Bot. Gard. Herb., 55657). 

Jamaica: Chester Vale, W. A. & E. L. Murrill, 347, comm. by 
N. Y. Bot. Gard. Herb. 


8S. cinerea Burt in Millspaugh & Nuttall, Flora Santa 
Catalina Island, 315. 1922. 

Type: in Field Mus. Nat. Hist. Herb. and Mo. Bot. Gard. 
Herb. 

Fructifications cespitose, 30-100 in dense circular clusters on 
cracks and pustules of the bark, short-stipitate, cylindric-clavate 
or pyriform, pallid neutral gray of Ridgway, minutely hairy, 
the apex obtuse and pore nearly closed; surface hairs colored, 
flexuous, 100 x 31% uy, paler towards the tips and there rough- 
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walled; basidia simple, 30 x 6 y, with 4 slender sterigmata; 
spores hyaline, even, cylindric or slightly curved, 74-10 x 4 
51% u, usually 9 x 5% u. 

Fructifications 700 » high, 200-300 » in diameter. 

On bark of rotting oak. California. May. 

The fructifications are colored like those of S. poriaeformis 
but in other respects are more like S. anomala when growing on 
pustules and crevices of the bark. 

Specimens examined: 

California: Avalon, Santa Catalina Island, L. W. Nuttall, 396, 
type (in Field Mus. Nat. Hist. Herb., and Mo. Bot. Gard. 

Herb., 57610). 


9. S. poriaeformis (Pers.) Fries, Hym. Eur., 597. 1874; 
Winter in Rabenhorst, Krypt.-Fl. 1: 391. 1884; Bourdot & 
Galzin, Soc. Myc. Fr. Bul. 26: 226. 1910. 

Peziza poriaeformis Pers. y of Peziza anomala Pers. Syn. Fung. 
656. 1801.—P.? poriaeformis (Pers.) De Candolle, Fl. France 6: 
26. 1815; Fries, Syst. Myc. 2: 106. 1823.—P. tephrosia Pers. Myc. 
Eur. 1: 271. 1822.—Solenia poriaeformis (DC.) Fuckel, Symb. 
Myc. App. 1:290. 1872.—Sace. Syll. Fung. 6:428. 1888;Coker, 
Elisha Mitchell. Scientif. Soc. Jour. 36: 151. pl. 15, pl. 30. f. 4-6. 
1921; Rea, Brit. Basid.703. 1922.—An Peziza pruinata Schweinitz, 
Naturforsch. Ges. Leipzig Schrift. 1: 120. 1822?—-An P. Daedalea 
Schweinitz, Am. Phil. Soc. Trans. N. 8S. 4: 174. 1832? 

Illustrations: Brefeld, Untersuch. Myk. 7: pl. 11, f. 21. 1888; 
Coker, loc. cit. 

Fructifications about 1 mm. high, cinereous, light neutral 
gray or hair-brown, cup-shaped, sessile, hairy, more or less 
crowded, 2-4 to a mm., seated on a grayish mycelium; hymenium 
pale gray, concave; flesh thin, brownish; basidia simple, with 
2-4 sterigmata; spores hyaline, even, subglobose, 4144-6144 x 414- 
5 p. 

On decaying limbs and logs of frondose species. Europe, New 
Jersey to Alabama, and in Minnesota. April to January. In- 
frequent. 

This species covers small areas 1-3 cm. long by 4-1 cm. broad - 
on bark of oak, birch, maple, grape, etc. It has the aspect of a 
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cinereous, crustaceous lichen bearing numerous small apothecia. 

It is distinguished from S. subporiaeformis by larger cups and 

more globose spores. I failed to study the authentic specimens 

of Peziza Daedalea Schw. and Peziza pruinata Schw. when there 
was an opportunity. 
Specimens examined : 

Exsiccati: Ell. & Ev., N. Am. Fungi, 2317; Jaap, Fungi Sel. 
Exs., 65; Ravenel, Fungi Car. 1: 38, under the name Peziza 
pruinata Schw.; Ravenel, Fungi Car. 1: 37, under the name 
Peziza Daedalea Schw. 

Sweden: Femsjé, L. Romell. 

Germany: Brandenburg, in Jaap, Fungi Sel. Exs., 65. 

France: Aveyron, A. Galzin, 1784, comm. by H. Bourdot, 4747. 

New Jersey: Newfield, J. B. Ellis, in Ell. & Ev., N. Am. Fungi, 
2317. 

Maryland: Takoma Park, C. L. Shear, 1087. 

North Carolina: Chapel Hill, W. C. Coker, 4686 (in Mo. Bot. 
Gard. Herb., 57331). 

South Carolina: H. W. Ravenel, in Ravenel, Fungi Car. 1: 
37, 38. 

Alabama: Auburn, F. S. Earle (in N. Y. Bot. Gard. Herb., and 
Mo. Bot. Gard. Herb., 57330). “ 

Minnesota: Vermilion Lake, Z. W. D. Holway (in U. S. Dept. 
Agr. Herb., Burt Herb., and Mo. Bot. Gard. Herb., 4800), 
and J. C. Arthur, L. H. Bailey & E. W. D. Holway, 2648 (in 
Mo. Bot. Gard. Herb., 4599). 


10. §S. subporiaeformis Burt, n. sp. 

Type: in Farlow Herb. and Mo. Bot. Gard. Herb. 

Fructifications spherical, 120-150 » in diameter, 4-5 to a mm., 
nearly buried in the pale neutral gray subiculum, with the white 
mouths and adjacent portion of the wall protruding; mouth about 
60-80 » in diameter; hymenium black as seen from above, the 
subhymenium opaque, nearly black; basidia simple, pyriform, 
9-12 x 5-6 u; spores hyaline, even, flattened on one side, 5-6 
x3 uw 

Fructifications in small patches 4 x 3 cm., 3 x 2 cm., and 
3 x 1% cm. in the three specimens collected. 
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On decorticated, very rotten wood. Margarita Island, Vene- 
zuela. July. 

This species is closely related to S. poriaeformis, but may be 
distinguished from the latter by smaller, partially buried fructi- 
fications, smaller basidia, and smaller spores of elongated rather 
than subglobose form. It may possibly range farther north into 
the West Indies. 

Specimens examined: 

Venezuela: Margarita Island, A. F. Blakeslee, type (in Farlow 

Herb., and Mo. Bot. Gard. Herb., 56064). 


11. S. endophila (Ces.) Fries, Hym. Eur. 705. 1874; Sacc. 
Syll. Fung. 6: 427. 1888. 

Cyphella endophila Cesati in Rabenhorst, Fungi Eur., 1513, 
with description. 1872; Mattirolo, Accad. Scienze Torino Atti 
22:—pl. 4. 1887. 

Type: type distribution in Rabenhorst, Fungi Eur., 1513. 

Fructifications densely crowded together, curving upward 
from a continuous carpet (often evanescent) of short, suberect, 
colored hyphae, furfuraceous-villose, at first whitish, becoming 
ochraceous when old, attenuated towards the base into a short 
stem; the disk rather pale; hairs colored, even, flexuous, 40-45 
x 3-4% u; basidia simple, 12-14 x 4144-5 uy; spores colored, 
even, 6-7 x 4-5 u, copious. 

Fructifications 1 mm. long, 200-300 » in diameter, usually 
somewhat scattered but crowded in some places up to 2-3 to a 
mm. 

On rotten, decorticated wood and bark of Populus and other 
frondose species, Southern Europe, Maine, Vermont, Florida, 
Colorado, and South America. August to March. Rare. 

A great deal of powdery matter covers the hairy fructification 
and is the cause of its whitish color. S. endophila is readily 
distinguished from our other species by its colored spores. 

Specimens examined: 

Exsiccati: Rabenhorst, Fungi Eur., 1513, type distribution; 

Theissen, Dec. Fung. Brasilium, 165. 

Italy: Cesati, in Rabenhorst, Fungi Eur., 1513. 
Maine: Kittery Point, R. Thazter, comm. by W. G. Farlow, 1 

(in Mo. Bot. Gard. Herb., 43804). 
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Vermont: Middlebury, E. A. Burt. 

Florida: Palm Beach, R. Thazxter, comm. by Farlow Herb., 
247 (in Mo. Bot. Gard. Herb., 63046). 

Colorado: Denver, F. J. Seaver & E. Bethel (in N. Y. Bot. Gard. 
Herb., Burt Herb., and Mo. Bot. Gard. Herb., 61695). 

Venezuela: Margarita Island, A. F. Blakeslee, comm. by Farlow 
Herb. (in Mo. Bot. Gard. Herb., 56067). 

Brazil: Rick, in Theissen, Dec. Fung. Brasilium, 165. 


SPECIES IMPERFECTLY KNOWN 


12. S. gracilis Copeland, Ann. Myc. 2: 508. 1904; Sacc. 
Syll. Fung. 21: 362. 1912. 

‘‘Sparsa ; cupulis primo urceolatis, brevissime stipitatis, demum 
cylindraceis, denique late sessilibus, sursum attenuatis, oribus 
incrassatis, integris, glabris, stramineis nitentibus, vel candidis 
et deorsum fuscescentibus, 0.5 mm. altis; sporis globosis, 7.5-8 » 
diam. 

“Ad lignum putridum Alni. Saratoga.” ([California.] 


13. S. villosa Fries, Syst. Myc. 2: 200. 1823; Hym. Eur. 596. 
1874; Schweinitz, Am. Phil. Soc. Trans. N.S. 4:180. 1832; Sacc. 
Syll. Fung. 6: 425. 1888. : 

Fructifications gregarious, cylindric, villose, white. Related 
to the preceding species (S. candida, S. fasciculata, S. pallens) 
but a little larger, distinctly villose, by this approaching S. 
ochracea. On fallen rotten wood. 

The above is a translation of the original description, to which 
I have found no distinctive additions from later European 
research. The description is given here because American my- 
cologists have so frequently referred gatherings to S. villosa, a 
species which seems to be imperfectly known in its own country. 


MATRUCHOTIA, MICROSTROMA, PROTOCORONOSPORA 


Matruchotia varians Boulanger, Rev. Gen. Bot. 5: 401. pl. 
12-14. 1893; Rev. Myc. 16: 68. pl. 142-144. 1894. Sacc. Syll. 
Fung. 11: 118. 1895. 

Under the above name Boulanger described as a new genus 
and new species a fungus of soft consistency and aspect of the 
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Hyalostilbeae but having spores borne one or two to a sporophore— 
usually but one. This fungus appeared in cultures of the bark of 
Piscidia erythrina, used in pharmacy and obtained from South 
America northward to Florida. On account of sometimes two 
spores to a spore-bearing cell Boulanger would class Matruchotia 
as a Basidiomycete—as an intermediate connecting the Basi- 
diomycetes with the Hyphomycetes and showing their phylo- 
genetic origin from the latter. 

The account and illustrations present Matruchotia as having 
an erect trunk composed of cohering hyphae, branched above, 
and bearing spores along the sides of the trunk and branches 
and at the tips of the final branchlets. 

I am disposed to regard Matruchotia as a genus of the Stilbiaceae 
and do not attach great importance to the fact that the spores 
are sometimes in twos. 

The range of Matruchotia is northward to Maine at least and 
on other kinds of wood than Piscidia, for while collecting at Kit- 
tery Point with Professor Thaxter we found plentifully there a 
soft, white, mucedinous fungus which he recognized as Matrucho- 
tia. 

Microstroma Niessl, Mahr. Crypt. Fl., 163. 1861; Sace. Syll. 
Fung. 4: 9. 1886; Engl. & Prantl, Nat. Pflanzenfam. (1:1**): 
105. 1898. 

This genus is represented in North America by M. albus, M. 
Juglandis, M. leucosporum, M. americanorum, and M. ingainicola. 
The more frequent species occur as small white patches on living 
leaves of Carya, Juglans, Quercus, etc. Some authors have re- 
ferred Microstroma to the Basidiomycetes on account of several 
spores being produced at the apex of the spore-bearing cell. R. 
Maire, Rec. publ. Occ. Jubilé sc. Prof. Le Monnier 131-139. 
1913, concludes that Microstroma is not a Basidiomycete but 
one of the Melanconieae. 

Protocoronospora Atkinson & Edgerton, Jour. Myc. 13: 186. 
1907; Sacc. Syll. Fung. 21: 421. 1912; Wolf, Elisha Mitchell 
Scientif. Soc. Jour. 36: 82. 1920. 

The type species, Protocoronospora nigricans Atk. & Edg., is 
@ virulent parasite on all parts above ground, including the pods, 
of Vicia sativa and V. villosa. Protocoronospora was proposed as 
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a genus of the Thelephoraceae because the spores are borne in a 
whorl at the apex of the spore-bearing cell. . Wolf, loc. cit., has 
presented the morphology and development of P. nigricans and 
concludes that Protocoronospora is not a Basidiomycete but one 
of the Melanconieae, a conclusion in which I concur. 


ASTEROSTROMA 


Asterostroma Massee, Linn. Soc. Bot. Jour. 25: 154. pl. 46, f. 
8,9. 1889; Sacc. Syll. Fung. 9: 236. 1891; Engl. & Prantl, Nat. 
Pflanzenfam. (1:1**): 122. 1898; Bourdot & Galzin, Soc. Myc. 
Fr. Bul. 36: 44. 1920. 

Fructifications resupinate, effused, dry, composed of loosely 
interwoven hyphae, some of which terminate in brown, stellate 
organs composed of slender rays; basidia simple, with 2-4 sterig- 
mata; spores hyaline. 

The species of Asterostroma are likely to be referred to Corti- 
cium unless sections are examined. In sections the brown, stellate 
organs are conspicuous when viewed with the microscope and 
sharply separate Asterostroma from other resupinate thelephora- 
ceous fungi. Similar organs occur, however, in Asterodon of 
the Hydnaceae and in a species of Lachnocladium. 


Key To THE Species 


No colored hyphae present in the subiculum....................2.222eeeeees 1 
Some colored hyphae in subiculum........................4. 6. A. ochrostroma 
55 ne IEE MINIONS iis 05a) s 2:0 cc nemo ieiewqneteces Sheek owas 2 
Pp Gc teiceh che aa arp rilncc ce oh pon arid d emecioeemenncnewe 3 
2. Stellate organs with unbranched rays as a rule.............. 1. A. cervicolor 
2. Many stellate organs have some rays branched............ 2. A. muscicolum 

3. a ee eee no cystidia; rays 3144-4) y» in diam- 
DOG ee a I Pal de UY AA RS RET ES 3. A. bicolor 

3. ise 4. bicolor except that rays up to 130 < 9 uw protrude beyond 
hymenium, like setae. .........ccccccccccccccces 4. A. spiniferum 

3. Stellate organs have notably long, slender rays up to 100-150 x 
3-34 u; fructification not spongy...................- 5. A. gracile 


1. Asterostroma cervicolor (Berk. & Curtis) Massee, Linn. 
Soc. Bot. Jour. 25: 155. 1889; Sacc. Syll. Fung. 9: 237. 1891; 
Bourdot & Galzin, Soc. Myc. Fr. Bul. 36: 44. 1920. 

Corticium cervicolor Berk. & Curtis, Grevillea 1: 179. 1873; 
Sacc. Syll. Fung. 6: 621. 1888.—Asterostroma corticola Massee, 
Linn. Soc. Bot. Jour. 25: 155. 1889; Sacc. Syll. Fung. 9: 236. 
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1891.—A. albido-carneum Massee, Linn. Soc. Bot. Jour. 25: 
155. pl. 46.f.8,9. 1889. Not Thelephora albido-carnea Schweinitz, 
Am. Phil. Soc. Trans. N.S. 4: 169. 1832.—A. pallidum Morgan, 
Cincinnati Soc. Nat. Hist. Jour. 18: 38. pl. 1, f. 6. 1895; Sacc. 
Syll. Fung. 14: 223. 1899. 

Type: in Kew Herb. and Curtis Herb. 

Fructification effused, thin, spongy, dry, avellaneous to cin- 
namon-drab within, the margin fibrillose-floccose, paler; hymen- 
jum even, pulverulent, becoming pallid where well-fruited; 
structure in section 150-300 y» thick, composed of thin-walled, 
loosely arranged, hyaline hyphae 2-214 y» in diameter and of 
conspicuous, colored, thick-walled, rigid, stellate organs with 3-7, 
usually about 5, unbranched rays 15-60 » long and 3-314 yp in 
diameter, distributed throughout the fructification; cystidia 
(gloeocystidia?) fusoid, often sharp-pointed, not incrusted, 30-45 
X 8-12 p, protruding up to 25 » above the basidia; basidia simple, 
with 4 sterigmata; spores white in spore collections, spherical, 
becoming echinulate, with the spore body 4-5 uy in diameter. 

On decaying wood, earth, and on outside of a flower pot. 
Canada to Louisiana, in Washington, California, Mexico, West 
Indies, and Japan. July to March. Widely distributed but not 
abundant. 

The color of this species varies somewhat with the presence 
and degree of development of the hymenium; young fructifica- 
tions still lacking basidia or with only few scattered basidia have 
a tawny color due to the numerous colored stellate bodies which 
are present in the surface of the fructification. As the hymenium 
becomes continuous in patches or over the whole surface it con- 
ceals the stellate organs and shows as a whitish or pallid pellicle 
in the regions where developed, with comparatively few colored 
rays protruding through it. The type specimen of A. pallidum 
has the hymenium fully developed. Under my method of stain- 
ing sections with eosin and then preserving in glycerine mounts, 
the fusoid organs in the hymenium are what I understand as non- 
incrusted cystidia containing little granular matter, a great deal 
of cell sap, and with such thin walls that they collapse in the 
glycerine preparations. Bourdot has a special reagent and method 
which he employs as a test for gloeocystidia, and he has decided 
that these organs are gloeocystidia. 
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The specimens of A. ochroleuca Bres. from France, communi- 
cated by Bourdot, seem to me specifically distinct from our A. 
cervicolor by their lack of the continuous, whitish hymenial 
pellicle and the abundant rays in the hymenial surface being 
well branched so that very many of them resemble antlers rather 
than stellate organs. 

Specimens examined: 
Exsiccati: Ravenel, Fungi Am., 228, under the name Corticium 

cervicolor; Ravenel, Fungi Car. 4: 14, type distribution of Aster- 

ostroma albido-carneum Massee, under the name Corticium 
albido-carneum but not the species of Schweinitz. 

Canada: St. Lawrence Valley, J. Macoun, 18. 

New Hampshire: Chocorua, EZ. A. Burt, two collections; W. G. 
Farlow, 2a, 2b, an unnumbered specimen in Burt Herb., and 
2, 8, 165 and an unnumbered specimen (in Mo. Bot. Gard. 
Herb., 55601, 55602, 55246, and 6883 respectively). 

Massachusetts: Belmont, W. G. Farlow. 

New York: Albany, H. D. House & J. Rubinger (in N. Y. State 
Mus. Herb., and Mo. Bot. Gard. Herb., 6327); East Galway, 
E. A. Burt. 

Pennsylvania: Bethlehem, Schweiniiz (in Herb. Schweinitz 
under the names Thelephora reticulata and Thelephora mollis). 

District of Columbia: Washington, J. R. Weir, 19741 (in Mo. 
Bot. Gard. Herb., 59167). 

South Carolina: H. W. Ravenel, in Ravenel, Fungi Car. 4: 14. 

Georgia: Darien, H. W. Ravenel, in Ravenel, Fungi Am., 228. 

Florida: W. W. Calkins, 150, comm. by W. G. Farlow (in Mo. 
Bot. Gard. Herb., 44635); Cutler Hammock, W. A. Murrill, 
85 (in N. Y. Bot. Gard. Herb., and Mo. Bot. Gard. Herb., 
62104). 

Alabama: Peters, type of Corticium cervicolor (in Curtis Herb., 
4026, and Kew Herb.) ; Montgomery County, R. P. Burke, 110 
and 311 (in Mo. Bot. Gard. Herb., 19896 and 57185 respective- 
ly). 

Louisiana: St. Martinville, A. B. Langlois, ex, 1948, 203 (in 
Burt Herb., Lloyd Herb., 3144, and Mo. Bot. Gard. Herb., 
55621). 

Ohio: Cincinnati, C. G. Lloyd. 
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Idaho: Priest River, J. R. Weir, 581 (in Mo. Bot. Gard. Herb., 
63172). 

Washington: Hoquiom, C. J. Humphrey, 6411. 

California: A. J. McClatchie, type of Asterostroma pallidum (in 
Kew Herb., and Mo. Bot. Gard. Herb., 4792). 

Mexico: Xuchiles, near Cordoba, W. A. & E. L. Murrill, 1206, 
1212, comm. by N. Y. Bot. Gard. Herb. (in Mo. Bot. Gard. 
Herb., 54593 and 54594 respectively); near Guernavaca, 
W.A. & E. L. Murrill, 516, comm. by N. Y. Bot. Gard. Herb. 
(in Mo. Bot. Gard. Herb., 54517); Jalapa, W. A. & E. L. 
Murrili, 300, comm. by N. Y. Bot. Gard. Herb. (in Mo. Bot. 
Gard. Herb., 54444). 

Porto Rico: Central Alianga, J. A. Stevenson, 6071 (in Mo. Bot. 
Gard. Herb., 54684) ; Rio Piedras, comm. by Mrs. F. W. Patter- 
son. 

Japan: Awaji, Mt. Mikuma, A. Yasuda, 38 (in Mo. Bot. Gard. 
Herb., 56170). 


2. A. muscicolum (Berk. & Curtis) Massee, Linn. Soc. Bot. 
Jour. 25: 155. 1889. 

Hymenochaete muscicola Berk. & Curtis, Linn. Soc. Bot. Jour. 
10: 334. 1868; Sacc. Syll. Fung. 6: 602. 1888. 

Type: in Kew Herb. and Curtis Herb. 

Fructification broadly effused, thin, spongy, dry, wood-brown 
of Ridgway, the margin narrow, whitish; hymenium concolorous 
with the subiculum or but slightly paler, even; in structure in 
section 300-400 » thick, composed of thin-walled, loosely arranged 
hyaline hyphae and of very numerous, colored, stellate organs 
with 3-9 rays, the rays about 30-45 x 3-4% u, sometimes 
unbranched but many branched, becoming smaller and more 
branched towards, and in, the hymenium and bearing secondary 
whorls of small branches or with 2 stellate organs connected by 
a short, thick axis; cystidia few, not incrusted, 6 u in diameter, 
protruding up to 27 y, tapering to a sharp point; spores hyaline, 
spherical, echinulate, the body 5-7 yu in diameter, the spines 
numerous, close together, very distinct. 

Fructifications up to 7 x 4 cm. when well developed. 

On dead branches of trees covered with moss, on cocoanut 
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petioles, and on rotting wood. West Virginia, Arkansas, Louisi- 

ana, and the West Indies. July to December. 

A. muscicolum has so many tough, stellate organs that it is 
not easy to cut sections free hand which are thin enough to show 
clearly the details of the hymenium; it differs in this respect 
from A. cervicolor and also by the very numerous, branched rays 
and the thicker-walled spores covered with stouter and more 
numerous spines. 

Specimens examined: 

West Virginia: Eglon, C. G. Lloyd, 1457 (in Mo. Bot. Gard. 
Herb., 55611). 

Louisiana: Dr. Hale (under the name Stereum Halei in Kew 
Herb. and Curtis Herb., 3660) ; St. Martinville, A. B. Langlois, 
2708. 

Arkansas: Fordyce, C. J. Humphrey, 2580 (in Mo. Bot. Gard. 
Herb., 11952). 

Cuba: C. Wright, 253, type of Hymenochaete muscicola (in Kew 
Herb. and Curtis Herb.); Ceballos, C. J. Humphrey, 2579 
(in Mo. Bot. Gard. Herb., 14841); Habana Province, Fecha, 
F. S. Earle, 141. 

Grenada: Grand Etang, R. Thazter, comm. by W. G. Farlow, 15. 


3. A. bicolor Ellis & Everhart, Acad. Nat. Sci. Philadelphia 
Proe. 1893: 441. 1893; Sacc. Syll. Fung. 11: 128. 1895. 

Type: in N. Y. Bot. Gard. Herb., U. S. Dept. Agr. Herb., 
and Burt Herb. 

Effused, thin, avellaneous when fresh, the hymenium becoming 
whitish in the herbarium, the margin thin, cobwebby; in structure 
in section 200-300 » thick, composed of loosely arranged, hyaline 
hyphae 2-214 y in diameter and of rather scattered—not crowded 
—colored, stellate organs with unbranched rays 45-120 y long, 
314-4) » in diameter; no cystidia; basidia with 4 sterigmata; 
spores white in a spore collection, even, globose, apiculate at 
the base, 5-7 y in diameter. 

Fructifications 1-6 cm. long, 1-4 em. broad. 

On rotten wood of both frondose and coniferous species but 
more abundant on the latter. New York to Louisiana and west- 
ward to British Columbia. August to November. 
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Specimens of A. bicolor acquire in the herbarium the whitish 
hymenium of a well-fruited A. cervicolor from which they are 
only distinguishable by the even spores and the absence of 
cystidia. On the basis of the similar spores, I formerly referred 
to A. bicolor a small specimen collected in Sweden by Romell. 
Bourdot has recently sent to me from France several specimens, 
published by him under the name A. larum Bres., which are 
identical in structure with the specimen from Romell and con- 
stantly distinct from our A. bicolor by having occasional cystidia 
and stellate organs with branched rays—so conspicuously 
branched in the hymenium as to approach antler form. 

Specimens examined: 

New York: Floodwood, FE. A. Burt. 
Delaware: Wilmington, Commons, 2356, type (in N. Y. Bot. 

Gard. Herb., U. S. Dept. Agr. Herb., and Burt Herb.). 
Maryland: Glen Sligo, C. L. Shear, 1141. 

Louisiana: St. Martinville, A. B. Langlois, ac. 

Kentucky: Crittenden, C. G. Lloyd (in Lloyd Herb., 1401, 1425, 
and Mo. Bot. Gard. Herb., 55616 and 55617 respectively). 

Illinois: Christopher, C. J. Humphrey, 1991 (in Mo. Bot. Gard. 

Herb., 59018). 

British Columbia: Kootenai Mts., near Salmo, J. R. Weir, 454, 

495, 520, 541 (in Mo. Bot. Gard. Herb., 13274, 21977, 19438, 

and 3774 respectively). 


4. A. spiniferum Burt, n. sp. 

Type: in Mo. Bot. Gard. Herb. 

Fructifications effused, with the subiculum avellaneous and 
the hymenium pale pinkish buff; in structure 300-350 y thick, 
with hyphae hyaline, arranged longitudinally along the sub- 
stratum and passing into a loosely arranged layer and becoming 
intermixed with the colored, stellate organs; stellate organs not 
densely crowded together, with unbranched rays 50-90 x 6-7 u 
usually, but next to the hymenium having rays perpendicular 
to the latter, larger than the other rays, up to 130 x 9 y, and 
protruding beyond the basidia up to 110 uy, like setae; cystidia 
not incrusted, 25 x 5 u, sparingly present; spores hyaline, even, 
subglobose, 5-6 » in diameter. 
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Fructifications up to 4 cm. long, 2 em. broad. 

On rotten wood. Porto Rico. July. 

This species is related to A. bicolor but is distinct from the 
latter and noteworthy by the very large, unsymmetrical, seta- 
like rays which stand out above the general level of the hymenium. 
The oecasional cystidia are an additional separating character. 

Specimens examined: 

Porto Rico: Rio Piedras, J. A. Stevenson, 5579, type (in Mo. 

Bot. Gard. Herb., 13415). 


5. A. gracile Burt, n. sp. 

Type: in Mo. Bot. Gard. Herb. 

Fructifications effused, very thin, cobwebby, delicate, with 
the subiculum light drab and the hymenium pale olive-buff, 
not continuous but with the basidia in clusters; in structure 150 
w thick, with hyphae loosely arranged, hyaline, 2-214 yu in diam- 
eter, and with colored, stellate organs with central body 6 y in 
diameter and very slender, unbranched rays up to 100-150 x 
3-3% wu, often protruding beyond the hymenium up to 45 uy; 
cystidia numerous, not incrusted, fusoid, 30 x 8 yu; basidia 
15 X 6 uw; spores hyaline, even, spherical, 6 » in diameter. 

Fructifications 4-1 cm. in diameter. 

On very rotten, frondose wood. Alabama. October. 

The small gray fructifications of A. gracile have the aspect of 
a delicate, cobwebby Hyphomycete rather than the more compact, 
spongy structure of other species of this genus. The long, slender 
rays of the stellate organs and the cystidia are also distinctive. 

Specimens examined: 

Alabama: Montgomery County, R. P. Burke, 409, type (in 

Mo. Bot. Gard. Herb., 57202). 


6. A. ochrostroma Burt, n. sp. 

Type: in Mo. Bot. Gard. Herb., and Farlow Herb. probably. 

Fructification effused, dry, felty, ochraceous tawny, with 
surface becoming shallowly granular in fruiting; in structure 
200-300 y» thick, composed of both hyaline, thin-walled, flaccid 
hyphae 2 » in diameter, and of some ochraceous, stiff, thick- 
walled hyphae 2 » in diameter, and of very numerous, densely 
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crowded stellate organs of varying size; stellate organs with 
unbranched rays 20-60 x 3-6 uw which protrude beyond the 
hymenium in such great numbers and so crowded as to nearly 
conceal the basidia; no cystidia found; basidia simple, 10 x 5 yp, 
with 4 sterigmata, but few basidia found; floating spores in each 
preparation are hyaline, even, 4-414 x 3 uy, neither copious nor 
seen attached to basidia. 

Fructifications 1-144 mm. long, about 4% mm. broad. 

On bark and decorticated wood of Abies. New Hampshire. 
September. 

A. ochrostroma differs from all other species of Asterostroma 
known to me by the presence in its subiculum of some slender, 
rigid, thick-walled hyphae of the same diameter as the usual, 
thin-walled hyphae but of the same color as the stellate organs. 
I find these colored hyphae more abundant in the sterile portions 
of the fructification; they have bleached in sections preserved 
for several years in glycerine mounts. The stellate organs are 
more numerous than in any other of our species and prevent 
cutting satisfactorily thin sections of the hymenium by free hand. 
Some hyaline, even spores 4-444 xX 3 yu were found floating in 
each preparation but not abundantly and are probably the 
spores of this species. 

Specimens examined: 

New Hampshire: Crystal Cascade, White Mts., W. G. Farlow, 

1, type (in Mo. Bot. Gard. Herb., 55578). 

(To be continued) 
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EXPLANATION OF PLATE 
PLATE 1 


ere dendritica. a, showing upper side, collected in Cuba by 
a Murrill, 136; 6, iain ribbed hymenium, collected in Colombia by 
C. 


- ig. 2. yn Part of type, showing warts of hymenium, collected in 
Ori 


ig. 3. Skepperia spathularia. After Patouillard. 
ne 4. H i. a, collected in Bolivia by A. M. Bang; }, col- 


Fig. 5. Cymatella 7B Wien. * wood bearing several fructifications; 
Fructifiestions seen from under y Aan a side, magnified, collected in Porto 


1358. 
i sees, See Pra, Montana by Mrs. L. A. Fitch. 
ia in Mon y Mrs. 
. C. salicina. Showing both young, pezizoid and expanded fructifications 
ected in Canada by J. Macoun. mn : 
Fig. 9. C. tremellosa. Collected in Louisiana by A. B. Langlois, 2620. 
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SOME WOOD-DESTROYING FUNGI OF JAVA 
EDWARD ANGUS BURT 
Mycologist and Librarian to the Missouri Botanical Garden 
Professor in the Henry Shaw School of Botany of 
Washington University 

In the summer of 1921, Dr. Carl Hartley sent to me from 
Buitenzorg a package of specimens of the higher fungi, of species 
which he had observed to be destructive to timber of Java. My 
study in the determination of these specimens has shown that 
some of the species have a taxonomic interest in addition to their 
economic importance, the latter falling in the field of Dr. Hartley 
for extended consideration. 

The following species were received :— 


POLYPORACEAE 


Fomes Korthalsii (Lév.) Cooke, as understood by Bresadola, 
Hedwigia 51: 312. 1912. 

Butt rot on living Castanea argentea, West Java, C. Hartley 
(in Mo. Bot. Gard. Herb., 59493). 

Common on living Castanea, Tjiboda, West Java, C. Hartley 
(in Mo. Bot. Gard. Herb., 59491). 

Fomes pectinatus (K1.) Cooke. 

Parasitic on Tabernaemontana sphaerocarpa, Madjokerto, 
East Java, C. Hartley & R. D. Rands (in Mo. Bot. Gard. Herb., 
59510). 

Fomes velutinosus Hutchins in Lloyd, Myc. Writ. 4: Syn. 
Fomes 260. text f. 599. 1915. 

On dead koerea, West Java, C. Hartley (in Mo. Bot. Gard. 
Herb., 59507). 

This species is suggestive of Polyporus gilvus in aspect and 
coloration and presence of setae in the hymenium but has colored 
spores 5 < 4 » and the tubes in two strata. 

Fomes (Ganoderma) applanatus Fr. 

On stump of Acacia decurrens, Buitenzorg, Java, C. Hartley 
(in Mo. Bot. Gard. Herb., 59504). 

Polystictus elongatus (Berk.) Fr. 

Issued July 25, 1924. 
Ann. Mo. Bor. Garp., Vou. 11, 1924 (37) 
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On dead Quercus pseudo-mollucca, altitude 5000 ft., West Java, 
C. Hartley (in Mo. Bot. Gard. Herb., 59505). 

Polystictus nothopus Lév. in Sacc. Syll. Fung. 6: 233. 1888. 

Plate 2, fig. 1. 

Polyporus notopus Léveillé, Ann. Sci. Nat. Bot. III. 2: 194. 
1844. 

On dead Vernonia arborea, altitude 4500 ft., West Java, C. 
Hartley (in Mo. Bot. Gard. Herb., 59515). 

This species was described by Léveillé as follows:— 

“Pileo duro suborbiculari, subvelutino obsolete zonato, poris 
inconspicuis rotundis fuscis, stipite dorsali brevi obliquo sursum 
attenuato pileo concolori. 

‘*__Hab. Java, ad truncos. 

“Polyporus proboscideus Junghuhn (herb. Lugd. Batav.). 

“Chapeau petit, presque ligneux, large de 4 4 6 millimétres, 
trés curieux, parce que le pédicule nait 4 peu prés a la partie 
moyenne de la face supérieure du chapeau, et se dirige oblique- 
ment en haut et en arriére pour se fixer; la couche de pores 
regarde, malgré cette disposition, vers la terre.” 

Judging by the specimens received, the pilei are gregarious, 
very small, conical, pendant, dorsally attached, either centrally 
or somewhat obliquely, 4-10 mm. broad, 3-4 mm. thick from 
point of attachment to the mouth of the pores; the surface 
cinnamon-buff of Ridgway, sericeous to subvelutinous, obscurely 
zonate; the margin thin, entire usually, slightly lobed in one 
instance; context light buff, woody; tubes 150 » long, mouths 
cinnamon-buff, angular, about 10 to a mm.; basidia simple, 
pyriform, 744 x 314-4 u; spores hyaline, even, 4 x 3-3% 4; 
no seta, cystidia, hyphal fascicles, nor gloeocystidia. Xantho- 
chrous opisthopus Patouillard, Bull. Mus. Hist. Nat. 29: 336. 
1923, from Annam, should be compared with P. nothopus. 

Polystictus spadiceus (Jungh.) Cooke. 

On dead Altingia excelsa, West Java, C. Hartley ~ Mo. Bot. 
Gard. Herb., 59512). 

Poria medulla-panis Pers. 

On stump, West Java, C. Hartley (in Mo. Bot. Gard. Herb., 
59505). 

The specimens are broadly resupinate and stratose but infested 
by a Hyphomycete and sterile. 
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Poria sp. 

On dead Vernonia arborea, altitude 4500 ft., West Java, C. 
Hariley (in Mo. Bot. Gard. Herb., 59506). 

The fructification is resupinate on a rotten limb, and covering 
an area 10 cm. long, 2-314 cm. broad, between warm buff and 
antimony yellow of Ridgway in dry condition; pores with mouths 
angular, about 4 toa mm. The hymenium is deteriorated and 
shows neither basidia nor spores. 

Trametes corrugata (Pers.) Bres. 

Polystictus Persooniit Cooke. 

On living Hevea brasiliensis, Buitenzorg, Java, R. D. Rands, 
192 (in Mo. Bot. Gard. Herb., 59497). 


HYDNACEAE 

Hydnum obrutans Burt, n. sp. Plate 2, fig. 2. 

Type: in Mo. Bot. Gard. Herb. 

Fructification resupinate, long and widely effused, not separable, 
white, becoming up to 214 cm. thick by the older teeth becoming 
buried and grown together under those of more recent formation, 
soft and easily sectioned when moistened; teeth white, cylindric, 
subulate, oblique, nearly parallel with the substratum, free 
portion 1-2 mm. long, about 3-4 to a mm.; no setae, cystidia, 
nor gloeocystidia; basidia simple; spores hyaline, even, globose, 
414 » in diameter, copious. 

Fructifications large; fragments fractured on all sides, up to 
10 cm. long, 244 cm. wide, 5 mm.-2)4 ecm. thick; teeth about 
200-250 » in diameter. 

Causing heart rot of living trunks of Quercus sp., 4500 ft. 
altitude, West Java, C. Hartley, type (in Mo. Bot. Gard. Herb., 
59520). 

This species is noteworthy by its parasitic nature, great thick- 
ness attained through consolidation together of the buried teeth 
comparable with that of the tubes of a Fomes, white color, and 
fracturing into chalk-like masses when dry but soft and not truly 
fleshy nor calcareous when moistened. 


THELEPHORACEAE 


Stereum obscurans Burt, n. sp. Plate 2, fig. 3. 
Type: in Mo. Bot. Gard. Herb. 
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Pileus coriaceous, rigid, thin, broadly wedge-shaped to dimidi- 
ate, sessile, tapering to a point of attachment, the upper surface 
tawny olive of Ridgway, somewhat radiately rugose, short tomen- 
tose, with the tomentum disappearing more or less near the margin 
in narrow zones and there showing the pallid quaker drab surface 
of the bared areas, the margin more or less lobed; in structure 
800 » thick, with the intermediate layer composed of densely 
and longitudinally arranged, slightly colored hyphae, and bordered 
on the upper side by a broad dark zone which bears the tomentum 
of the covering; hymenium glabrous, pallid quaker drab, blacken- 
ing when sections are treated with dilute potassic hydrate; no 
setae, cystidia, nor gloeocystidia; no spores found. 

Pilei 4-5 cm. long, 5-6 cm. broad. 

On dead wood, Tjibodas, West Java, R. D. Rands, comm. 
by C. Hartley, type (in Mo. Bot. Gard. Herb., 59518). 

The two pilei received have had the marginal portions broken 
away near the point of attachment but lead me to believe that 
they were not connected with a reflexed portion nor umbonate- 
sessile. The bymenium, margin, and some zones of the upper 
surface of the pileus are tinged with pallid quaker gray of Ridg- 
way, i. e., livid like the hydrogen arsenide flame. In lactic acid 
mount the sections show their hyphae to be somewhat rough- 
walled, as though resinous incrusted—especially so the tomentum 
on surface of pileus, the dark zone bearing the tomentum, and 
the hymenium; dilute potassic hydrate blackens all the incrusting 
matter and also the contents of many hyphae. I have observed 
similar incrusting matter and color changes in no species studied 
by me heretofore. 

Hymenochaete nigricans (Lév.) Pat. 

On dead Altingia excelsa, altitude 4000 ft., West Java, C. 
Hartley (in Mo. Bot. Gard. Herb., 58683). 

Aleurodiscus acerinus (Pers.) v. Héhn. & Litsch. 

On living Theobroma excelsa, Buitenzorg, C. Hartley (in Mo. 
Bot. Gard. Herb.). 


TREMELLACEAE 
Heterochaete tenuicula (Lév.) Pat. 
On dead Arikekadoea sp., altitude 5000 ft., West Java, C. 
Hartley (in Mo. Bot. Gard. Herb., 58684). 
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Protomerulius javensis Burt, n. sp. Plate 2, fig. 4. 

Type: in Mo. Bot. Gard. Herb. 

Fructifications resupinate, effused in elongated patches, 
coriaceous, separable when moist, drying tawny olive of Ridgway, 
and showing under the microscope an imperfectly porose surface 
with thin irregular folds and dissepiments somewhat lacerate; 
pores angular, sinuose, shallow, about 60 » deep, about 10 to a 
mm., sometimes elongated laterally and divided by cross parti- 
tions into smaller, equal, angular pits or pores; in structure about 
400 » thick, composed of densely interwoven, slightly colored, 
non-incrusted, thick-walled hyphae 2 uw in diameter; basidia 
pyriform, longitudinally cruciately septate, 12-18 x 6-7 u; spores 
simple, hyaline, even, curved, 15 x 4 yu, but few found. 

Fructifications up to 5 cm. long, 2-3 cm. wide, about 44 mm. 
thick. 

On dead, rotten limbs of Castanea argentea, 5000 ft. altitude, 
West Java, C. Hartley, type (in Mo. Bot. Gard. Herb., 59516). 

Other species of Protomerulius are P. brasiliensis A. Maller 
and P. Farlowii Burt—the first from Brazil and the second 
from New Hampshire. The occurrence of these 3 species at such 
great distances apart is remarkable. 





A mycelium causing a locally destructive root-rot of teak was 
also received, but I could detect no fructifications by which it 
might be identified. 

On roots of teak, Tectonia grandis, East Java, C. Hartley (in 
Mo. Bot. Gard. Herb., 59521). 
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EXPLANATION OF PLATE 
PLATE 2 


Fig. 1. Polystictus nothopus from specimens collected by C. Hartley, X 2. Three 
fructifications showing upper surface, a; b, another fructification showing under 
side and pores; ¢c, a fructification divided longitudinally to show the interior and 
depth of the tubes. 

Fig. 2. Hydnum obrutans. Portion of the type specimen showing the teeth, 
X 2, a; diagram of part of vertical longitudinal section, X 10, showing free portions 
of the teeth borne on stratified buried teeth, b; three spores, s, X 750. 

Fig. 3. Stereum vbscurans. Two pilei of type specimen showing upper surface, 
natural size. 

Fig. 4. Protomerulius javensis. Part of type specimen showing hymenial folds 
and pits, X 2, a; vertical section of fructification showing hymenial folds or dissepi- 
ments, d, and pits or pores, p, X 90. The basidi& are the 2-11 small, dark, clavate 
organs near the bottom of each pit. Two basidia, X 750, b; two spores, X 750, s. 
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BURT—WOOD-DESTROYING FUNGI OF JAVA 
POLYSTICTUS NOTHOPUS.—2. 
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HYDNUM OBRUTANS. 


STEREUM OBSCURANS.—4. PROTOMERULIUS JAVENSIS. 
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STUDIES IN THE PHYSIOLOGY OF THE FUNGI. 


XVII. THe Growrs or CERTAIN Woop-DEsTROYING FUNGI 
IN RELATION TO THE H-ION CONCENTRATION 
OF THE MeEpIA' 


F. 8. WOLPERT 


Formerly Rufus J. Lackland Fellow in the Henry Shaw School of Botany of 
Washington University 
Chairman of the Botany Department, The Principia, St. Louis 


INTRODUCTION 


That wood-destroying fungi grow more favorably upon sub- 
stances acid in reaction has been appreciated by many students 
who have given attention to the biology of these organisms. 
Investigations in this field have received a marked impetus from 
the recently perfected methods for determining the hydrogen-ion 
concentration of solutions. Webb (’19, ’21) has given many 
interesting data upon the effect of hydrogen-ion concentration 
upon spore germination, while other investigat 1s from this 
laboratory and those from other laboratories hav» orked upon 
the relationships of hydrogen-ion concentration of the medium 
to the mycelial growth of some of the Agaricales. 

However, since this order of the fungi contains such a large 
number of wood-destroying species, and because increased 
knowledge of their biology leads to better methods of combating 
their spread and ravages, through improved methods of preserva- 
tion from a practical as well as from an academic standpoint, 
it seems advisable to make a more detailed study of the following 
questions: What hydrogen-ion concentration will inhibit mycelial 
growth of these fungi? How do these fungi react to hydrogen- 
- jon concentration in different types of media and at different 
temperatures? Is growth always inhibited by an alkaline solu- 

1 An investigation carried out at the Missouri Botanical Garden in the Graduate 
Laboratory of the Henry Shaw School of Botany of Washington University, and 


submitted as a thesis in partial fulfillment of the requirements for the degree of 
doctor of philosophy in the Henry Shaw School of Botany of Washington University. 
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tion? What are the changes in the hydrogen-ion concentration 
of the substratum caused by mycelial growth? The present 
paper attempts to answer these questions as completely as the 
available time would allow. 


Historical REVIEW 


Tubeuf (’03) found that NaH,PO, in solution supported 
mycelial growth of Merulius lacrymans, while Na,HPO, and 
Na,PO, did not. Similar results were obtained with the acid 
and alkaline phosphate salts of potassium and ammonium. 
As the monobasic salts are acid and the dibasic and tribasic salts 
are alkaline, it is concluded that growth is inhibited in alkaline 
solutions but not in acid solutions. 

Rumbold (’08) was the first to determine the inability of the 
Agaricales as a group to grow upon alkaline media. The acidity 
of separate portions of 5.0 per cent gelatine and 0.5 per cent 
malt extract solution was so adjusted that solution 1 reacted 
red to litmus paper; solution 2, red-violet; solution 3, violet; 
solution 4, blue-violet; and solution 5, blue. Fifteen species of 
Agaricales including Schizophyllum commune,' Lenzites sepiaria, 
Pholiota adiposa, and Armillaria mellea grew extensively in solu- 
tions 1 and 2, somewhat less in solution 3, still less in solution 4, 
and not at all in solution 5. Solutions 1, 2, and 3 were considered 
by her to be acid; solution 4, neutral or very slightly alkaline; 
and solution 5, distinctly alkaline. It is known that litmus gives 
a positive red color in solutions which have an active acidity of 
P, 5.0 or greater, a red-violet color when the Px is approximately 
6.0, and a violet color close to Px 7.0. A blue color is obtained in 
all solutions with an active alkalinity of Px 8.0 or greater. From 
this it is concluded that, while the organisms used by Miss 
Rumbold did grow to some extent in a neutral or slightly alkaline 
solution the amount of growth was less than that obtained in 
solutions with initial acidities of approximately Px 5.0 and 6.0. 
Furthermore, growth was’ entirely inhibited in solutions which 
were as alkaline as Px 8.0. 

These same fungi grew rapidly in an acid medium consisting 
of: 100 cc. Knop’s solution, 3 gms. agar, and 5 gms. grape sugar. 

1 The recent and prevalent names have been used for all fungi under discussion. 
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Good growth resulted when 0.25 per cent of sulphuric acid was 
added to this solution. When the same medium was made alka- 
line with sodium carbonate, no growth was obtained. 

The acidity of the medium has been shown by Falck (’12) 
to be a conditioning factor for spore germination and for mycelial 
growth of species of Merulius. Furthermore, he has observed 
that growth and development of Merulius is more rapid upon 
wood previously infected by Coniophora cerebella than upon sound 
wood. Since mycelial growth of Coniophora cerebella makes the 
substratum decidedly acid, it is assumed that species of Merulius 
are partial to acid media. 

Wehmer (14) indicated that Merulius lacrymans increased 
the active acidity of the medium upon which it grew. One 
gm. of sound pine wood pulverized and boiled in 30 cc. of water 
and titrated against 0.1 N NaOH! required 0.9-1.2 cc. to neutral- 
ize the solution. Decayed wood similarly treated required 4.9- 
8.0 cc. for neutralization. 

Lenzites sepiaria, Fomes pinicola, Polystictus versicolor, and 
Polyporus lucidus, according to Zeller (’16), did not grow upon 
slightly alkaline Thaxter’s glucose-potato-hard agar, while a 
readjustment to slight acidity resulted in good growth. This 
indicates for all of these species a marked intolerance to alkaline 
media. 

The hydrogen-ion concentration necessary to inhibit the 
growth of Lenzites. sepiaria, Fomes roseus, Coniophora cerebella, 
and Merulius lacrymans upon synthetic and malt extract media 
was determined by Meacham (18). While the 4 species show 
considerable fluctuation, they respond in much the same way to 
active acidity, showing maximum growth at approximately Px 
3.0. A composite curve indicates good growth with increasing 
acidity until Px 3.0-2.6 is reached. There is a distinct critical 
zone between Pg 2.6 and 1.9 where growth decreases rapidly, 
followed by total inhibition at Ps 1.7. In general, these figures 
indicate a marked tolerance to high acidity. 

Schmitz (’19) studied the hydrogen-ion concentration con- 
ducive to optimum growth for Fomes pinicola, Lenzites sepiaria, 


1 It is assumed that this solution was NaOH, since Wehmer indicated it asa 1/10 
N. N. solution. 
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and Polystictus versicolor upon a carrot extract-glucose-agar 
medium. His results, expressed in the diametric growth in 
centimeters of the fungus colonies, show that for the first 2 species 
there is little difference in growth from + 5 to + 24.5, 
Fuller’s scale, while at + 2.5 there is a marked retardation. 
Polystictus versicolor, on the other hand, is more sensitive to 
changes in acidity, showing maximum growth ai + 9.75 and a 
steady decrease as the acidity increases. He concluded that 
slight variations in the acidity of the substratum did not affect 
the growth of Fomes pinicola and Lenzites sepiaria, while they 
might influence that of Polystictus versicolor. 

Employing Czapek’s, Dunham’s, Reed’s, and Richards’ solu- 
tions, sap from Acer saccharinum, and a pine decoction, a deter- 
mination of the influence of the hydrogen-ion concentration, 
among other things, upon the growth of wood-destroying fungi 
was attempted by Zeller, Schmitz, and Duggar (’19). Although 
it is impossible to make any conclusive statements, within the 
range of the experiments the hydrogen-ion concentration was 
not a limiting factor in growth. The control solutions showed 
that in only one series, the Czapek’s solution with K,PO,, was 
the reaction definitely alkaline with an initial Px of 8.6 at the time 
of inoculation. Upon this solution Polystictus versicolor grew 
slowly, changing the reaction to Px 4.8 within 30 days. Daedalea 
confrayosa failed to grow upon this same solution, the final re- 
action being Pg 8.4. These results suggest that all of the wood- 
destroying fungi do not react alike toward slightly alkaline 
solutions. 

Webb (’19) studied spore germination of a number of fungi 
in relation to the hydrogen-ion concentration of a M/5 mannite 
medium. Spores of Lenzites sepiaria did not germinate readily 
when the reaction was acid. Increasing acidity from Px 7.0 to 
3.1-2.8 favorably affected germination of the spores of this and 
of other species of fungi. 

A second paper by Webb (’21) showed that increasing acidity 
of mannite, peptone, and Czapek’s solutions, sugar beet decoc- 
tion, ‘‘water H,PO, and NaOH,” and “water HCl or KOH” 
from neutrality to approximately Ps 3.0 to 4.0 favorably in- 
fluenced spore germination of Lenzites sepiaria and of other 
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fungi. Beet decoction gave the best percentage and range of 
germination and ‘“‘water H.PO. and NaOH” the poorest. He 
observed that in equal concentrations the OH ions are more 
toxic to the spores of the fungi studied than are the H ions. His 
results indicate that the range and percentage of germination, 
as influenced by the hydrogen-ion concentration, depend upon 
both the organism and the medium, and that the direction and 
magnitude of the change in the reaction of the medium due to 
spore germination depend upon the fungi, the medium, and 
the initial reaction of the solution. 


METHODS 


Organisms.—In the selection of organisms, 3 things were con- 
sidered: (1) the use of as many representative genera as possible, 
(2) the use of species found commonly both on deciduous woods 
and on coniferous woods, and (3) the use of forms which grow 
well upon artificial media. With these considerations in mind, 
the following 8 species were selected: Polyporus adustus (Willd.) 
Fr., Polystictus versicolor (L.) Fr., Pleurotus ostreatus Jacq. a 
Schizophyllum commune Fr., Pholiota adiposa Fr., Lenzites sepiaria 
(Wulf.) Fr., Armillaria elles (Vahl) Quel., and Daedalea con- 
fragosa (Bolt.) Fr. 

These species are common wherever their respective hosts are 
found. Preliminary work has shown them to make more rapid 
growth in artificial culture than 7 other ec. oon fungi. 


Weir (’14) found that Armillar:; »:" * teth on 
deciduous and on coniferous wo"; ua . Mane is 
confined almost entirely to coniferous pecies cas Poly- 


stictus versicolor and Polyporus adustus are usually upon deci? ucus 
species but are found occasionally upon coniferous hosts. /oli- 
ota adiposa is found on Abies grandis as well as on some deciduous 
trees. Schizophyllum commune, common on deciduous woods, 
according to Rhoades (’21), occurs occasionally upon coniferous 
hosts. Daedalea confragosa and Pleuroius ostreaius are regarded 
as saprophytic upon deciduous woods. 

Pure culture methods.—Pure cultures were made by employing 
either the tissue-culture method described by Duggar (’05) or 
the spore method used by Zeller (’16). These methods have 
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been adequately described in the papers referred to and in later 
papers from this laboratory, so they require no discussion at 
this point. The spore method was used when it was impossible 
to secure sterile tissue, as from particularly thin sporophores. 
After the mycelium had made considerable growth upon potato 
agar, the cultures were transferred to large bottles of sterile 
bean stems and pods, to sterile decayed wood, and to sterile 
decayed wood mixed with decayed leaves. Growth was more 
rapid in the bean stem and pod cultures, but in all cases it was 
abundant enough to constitute satisfactory stock cultures. 

Inoculum was prepared according to the method of Zeller, 
Schmitz, and Duggar (719) by growing bits of mycelium from 
these stock cultures upon plates of sterile agar made according 
to the following formula: 1000 cc. potato water from 240 gms. 
of potatoes boiled for 1 hour, 20 gms. cane sugar, 10 gms. KNO,, 
5 gms. KH.PO,, and 20 gms.agar. After a growth period of 10 
days to 2 weeks, these plates were cut into pieces 8-10 mm. 
square. Each culture flask received 1 of these squares of inoculum. 

Culture solutions——The culture media can be divided into 
two classes, based on the absence or presence of celluloses. The 
first class consists of 3 types, as described later, namely: (1) 
a@ modification of Richards’ E solution, (2) a peptone-nutrient 
solution with sugar, and (3) a peptone-nutrient solution without 
sugar. 

The modified Richards’ E solution contained: MgSO, 0.5 
gm.; KNO,, 5 gms.; NH.NO,, 10 gms.; trace FeSO.; varying 
amounts of H,PO., KH.PO.,, and K.HPO, to give a total of 10.4 
gms. of phosphate; and doubly distilled water, 1000 cc. The 3 
forms of the phosphate were used in varying proportions to obtain 
a range of reaction from P, 2.5 to 8.0 at intervals of 0.5. The 
large percentage of phosphates and the reduced amount of sugar 
produced a heavily buffered solution which held, as nearly as 
possible, the initial P, throughout the entire incubation period. 
The amount of MgSO, was reduced because in the presence of 
phosphates it produces a precipitate in an alkaline solution. 
Although all precautions were taken in making the media, 
slight differences in P, were evident in each series, requiring 
some slight variation in the proportion of the phosphate buffers 
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employed. Table 1 indicates the method employed in making. 
the solutions. 

The nutrient solution, containing all of the nutrients except 
the phosphates, comprised 28 cc. of the 35 cc. of each culture, 
or 80 per cent. Consequently all salts and sugar were weighed 
out on the basis of 1000 cc. of culture solution but made up to 
only 800 cc. with doubly distilled water. Twenty-eight cc. of 
this solution were added to each flask. The addition of 7 cc. of 
phosphate solutions to each culture resulted in bringing all 
nutrients to the desired concentrations. The KH;PO, was 
added to the flasks before sterilization; the K,HPO, and H,PO, 
were autoclaved separately and added aseptically. Sterilization 
consisted in autoclaving for 15 minutes at 12-15 pounds pressure. 
This procedure eliminated, as far as possible, any alterations in 
the acidity of the solutions during autoclaving. The series Py 
8.0 was obtained by adding, before sterilization, 0.5 gm. of CaCO, 
to flasks containing 7 cc. of K.HPO,. The reaction of this solu- 
tion varied from P, 7.8 to 8.2. All hydrogen-ion determinations 
were made according to the colorimetric method of Clark and 
Lubs (’17) and Clark (’20). 


TABLE I 


THE COMPOSITION OF THE MODIFIED RICHARDS’ E SOLUTION ADJUSTED 
TO A RANGE OF Pg FROM 3.0 TO 8,0 AT INTERVALS OF 0.5 








Initia) No. ce. No. cc. No. cc. No. ce. Total 

Ps M/3 H3PO, | M/3 KH;PO,|M/3 K;HPO, nutrient no. cc. 
solution 

3.0 1.2 5.8 28 35 
3.5 0.5 «6.5 28 35 
3.9 0.1 6.9 28 35 
4.4 7.0 28 35 
5.0 6.8 0.2 28 35 
§.5 6.3 0.7 28 35 
6.0 5.0 2.0 28 35 
6.5 3.5 3.5 28 35 
7.0 ie 5.5 28 35 
7.6 7.0 28 35 

7.8-8.2 |0.5gm. CaCO, 7.0 28 35 

added 




















The peptone-nutrient solution with sugar contained: bacto- 
peptone, 25 gms.; cane sugar, 30 gms.; MgSO,, 0.5 gm.; trace of 
FeSO,, varying amounts of H,PO,, KH,PO,, and K,HPO, to 
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give a total of 9.65 gms. of phosphates; and doubly distilled water 
to make 1000 cc. of solution. This peptone-nutrient solution 
throughout this work will be referred to as the peptone solution. 
This solution without sugar gave the third type of media used 
in this first class of solutions. As with the Richards’ solution, 
slight variations in the hydrogen-ion concentrations were encount- 
ered, but these were all eliminated by slight modifications of the 
phosphate content, indicated in table 1. 


TABLE II 


THE COMPOSITION OF THE PEPTONE-NUTRIENT SOLUTION ADJUSTED TO 
A RANGE OF Pg FROM 2.0 TO 8.5 AT INTERVALS OF 0.5 





No. ce. No. ce. No. cc. No. cc. 
M/3 H,;PO, M/3 KH;PO, |M/3 K;HPO, nutrient 
solution 
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The nutrient solution was made up and added to the culture 
flasks in the same manner as in the Richards’ solution. Here, 
too, the H,PO, and K,HPO, were added aseptically. 

The second group of nutrient solutions, those containing 
celluloses as the only or chief source of carbon are: (1) a modified 
Richards’ E solution with a wood cellulose suspension substi- 
tuted for the cane sugar; (2) a 0.5 per cent peptone-nutrient 
solution to which is added 20 gms. of filter-paper in strips for 
each liter of medium; and (3) the Richards’ solution modified 
as in (1) with the addition of 20 gms. of agar. 

The celluloses were prepared from longleaf pine, white oak, 
sugar maple, and poplar woods. Two-hundred-gm. amounts of 
each wood cut into small chips were treated for one month at 
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2° C. in a mixture of 520 cc. of KNO, of 1.1 specific gravity and 
30 gms. of KCIO, (Zeller, Schmitz and Duggar, 719). After 
washing and precipitating in Schweitzer’s reagent, according to 
McBeth (16), an abundance of flocculent cellulose was obtained. 
This was washed repeatedly in distilled water until free from 
copper. The washing process was hastened by centrifuging and 
decanting, the necessarily long periods of time required in the 
usual settling method being avoided. 


TABLE III 


THE COMPOSITION OF THE MODIFIED RICHARDS’ E SOLUTION CONTAINING 
CELLULOSE ADJUSTED TO A RANGE OF Ps FROM 3.0 TO 
6.0 AT INTERVALS OF 1.0 











Initial No. ce. No. ce. No. ce. No, cc. No. ce. No. cc. 
P; M/3 M/3 M/3 nutrient | cellulose total 
- H;PO, KH:PO, | K:HPO, | solution | solution | solution 
3.0 1.2 5.8 14 14 35 
4.0 0.1 6.9 14 14 35 
5.0 6.8 0.2 14 14 35 
6.0 5.0 2.0 14 14 35 























The Richards’ solution with cellulose was adjusted to the 
desired P, according to table m1. As in the previous cases this 
table required some slight adjustment for each series. The 
phosphates constitute 20 per cent of the total volume; the cel- 
lulose solutions, 40 per cent; and the nutrient salts, 40 per cent. 
Therefore all salts were weighed on the basis of 100 per cent, or 
1000 cc. of solution, and dissolved in enough doubly distilled 
water to give a total of 400 cc.—40 per cent of the total amount. 
Fourteen-cc. amounts of this solution were added to each flask. 
The proper balance was obtained by the addition of 7 cc. of 
phosphate solutions and 14 cc. of the cellulose suspension to each 
flask containing this concentrated nutrient salt solution. The 
KH,PO, was the only phosphate added before sterilization. 

The peptone-filter-paper solution was adjusted to the desired 
initial Py according to table mu. The reduction in the amount 
of peptone did not change the amount of phosphates required 
to obtain the initial P,. The strips of filter-paper were added in 
equal amounts to each flask. On the basis of 20 gms. of paper 
per liter of solution, each culture flask received approximately 
0.7 gm. of paper. 
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In the agar series each 1000 cc. of medium contained 500 cc. 
of the cellulose suspension, 500 cc. of the nutrient salt solution, 
and 20 gms. of agar. The Py was adjusted by the addition of M/3 
solutions of H,PO, and KOH. To 150-cc. amounts of the warm 
agar mixture were added: 

Series 1, 5.0 cc. H,PO,, giving approximately P, 2.8. 

Series 11, no addition, giving approximately P, 4.0. 

Series m1, 2.5 cc. KOH, giving approximately P, 4.6. 

Series rv, 3.5 cc. KOH, giving approximately P, 5.0. 

Series v, 5.0 ec. KOH, giving approximately P, 6.0. 

The sterile acid and alkali were added aseptically. After thor- 
oughly mixing to assure uniform distribution, the solutions were 
poured into sterile plates, cooled, and inoculated. 

Glassware.—All the glassware was scrubbed with cleaning 
powder, cleaned in a strong cleaning solution recommended by 
Duggar (’09, page 13), rinsed in tap water, rinsed in distilled 
water, and drained dry. Proper precautions were taken to 
protect such cleaned glass from dust. Pipettes or other glass- 
ware for use under sterile conditions were dry-sterilized for at 
least 1 hour at 150-170° C. 

Methods and examination of cultures—Using all precautions 
against contamination, triplicate cultures were made in 120-cc. 
Erhlenmeyer flasks, each one containing 35 cc. of solution. 
With the exception of the nutrient-agar-cellulose series, which 
were incubated at room temperature, and of the cellulose and 
peptone series without sugar, which were incubated only at 
25° C., all cultures were incubated for 30 days at 15° C., 25° C., 
and 35° C. The lowest temperature was maintained approxi- 
mately between 14° C. and 18° C. in a cellar, while the other 2 
were maintained accurately by means of thermostats in incubators. 

In all cases where possible, examination was made upon the 
final P,, of the solution and upon the dry weight of the fungus. 
This weight was obtained by drying the green mat upon pre- 
viously dried and weighed filter-papers for 2 days at 100-105° 
C., and by weighing the combined mat and paper. The differ- 
ence between the weight of the paper and that of the mat and 
paper is the weight of the mat alone. The triplicate figures 
obtained were averaged and given as one reading. 
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All agar-plate cultures were examined every other day for 
evidence of growth and for clear zones in the agar, indicating 
utilization of the cellulose. The diametric growth both of the 
mycelial colony and of the clear zone was recorded in milli- 
meters. Because of the impossibility of separating the mat from 
the cellulose and filter-paper, the weights of the fungus in solutions 

















Fig. 1. Lenzites sepiaria in Richards’ solution. 


containing these materials were not determined. In these cases 
the amount of growth and the hydrolysis of the filter-paper were 
compared by definite scales. These will be discussed in the 
experimental data. 

As far as possible the work has been reported in the form of 
curves. The dry weights in mgs. are plotted as the ordinates, 
and the initial P, as the abscissae. Unless otherwise stated, 
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each figure represents a single fungus. In order to keep the size 
of the curves within reasonable limits, the ordinates have been 
given different unit values, in some cases a unit being 25 mgzs., in 
some, 50 mgs., and in 2 cases, 100 mgs. 


EXPEREMENTAL Data 


The experimental data will be presented in accordance with 
the following grouping of the culture media: (1) Richards’ solu- 
tion and peptone solution with sugar, (2) peptone solution with- 
out sugar, (3) peptone solution with filter-paper, (4) Richards’ 
solution with cellulose, and (5) Richards’ solution with cellulose 
and agar. 

The effects of changes in the hydrogen-ion concentration of 
the media and the interrelation between this factor and growth 











Fig.2. Lenzites sepiaria in peptone-nutrient solution. 


of Lenzites sepiaria in the peptone solutions and Richards’ solu- 
tion are brought out in table rv and figs. 1-2. In the Richards’ 
solution (fig. 1) the fungus grows slowly. At 15° C. growth is 
limited by P, 3.5 and 7.3 with only a trace! at Py 4.0. It is evi- 


1 Where growth is visible to the eye but too little to be weighed accurately it 
is called a trace. 5 . 
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dent that the actual acid limit for appreciable growth lies closer 
to P, 4.0 than to 3.5. The best growth is obtained at P, 6.0 
with a mat weighing 54 mgs. At 25° C., although growth is 
better than at 15° C., it has about the same range of P, while 
the optimum lies at 6.5 with 72 mgs. of felt. At 35° C. the fungus 
grows better than at either of the other temperatures and pro- 
duces a mat weighing 94 mgs. at P, 6.7. At this temperature, 
however, there is no indication of increased tolerance to either 
alkalinity or acidity. In fact, P, 6.8 does not support growth as it 
does at 15° C. and 25° C., while the acid limit remains the same as 
at the lower temperatures. 


TABLE IV 


THE GROWTH OF LENZITES SEPIARIA AND THE CHANGES IN THE ACTIVE 
ACIDITY IN BOTH THE RICHARDS’ AND THE PEPTONE SOLU- 
TIONS AT DIFFERENT INITIAL Pa AND TEMPERATURES 
































15° C. 25° C. 35° C. 

Pz Wt. of Pu | Wt. of Pa Wt. of 

mat in 7 mat in mat in 

Initial | Final mgs. Initial | Final mgs. Initial | Final mgs 
3.5 | 3.5 0 3.5 | 3.5 0 3.5 | 3.5 0 

| 4.0 | 3.7 trace 4.2 | 3.7 44 4.2 | 3.5 67 
S| 4.5 | 3.7 39 4.5 | 3.6 43 4.5 | 3.8 54 
~| 5.0 | 3.6 42 5.0 | 3.6 38 5.0 | 3.7 61 
8 5.5 | 4.4 47 5.5 | 3.6 37 5.4 | 3.9 88 
S| 6.0 | 5.0 54 5.9 | 4.7 48 5.9 | 3.9 89 
| 6.5 | 5.8 39 6.5 | 5.0 72 6.5 | 3.8 76 
i 6.9 | 6.4 41 6.8 | 4.9 68 6.7 | 7.4 94 
72.173 0 72:3 35 0 6.9 | 6.9 0 
2.8 | 2.8 0 2.8 | 2.8 0 2.8 | 2.8 0 
3.5 | 3.4 71 3.5 | 3.1 95 3.5 | 3.2 98 

=| 4.0 | 3.5 146 3.8 | 3.1 139 4.0 | 3.3 98 
| 4.4 3.3 137 4.6 3.4 99 4.6 3.8 78 
2| 5.0 | 3.3 141 5.2 | 3.4 99 5.2 | 3.6 85 
8| 5.7 | 3.3 141 5.7 | 3.5 101 5.5 | 3.3 | 100 
8) 6.0 | 3.4 130 6.0 | 3.0 153 6.0 | 3.8 | 117 
a! 65 | 3.8 120 6.4 | 3.4 133 6.4 | 3.6 | 141 
7.0 | 4.5 115 7.0 | 4.0 76 6.8 | 3.8 99 
7.4 | 7.4 0 7.6 | 7.6 0 7.6 | 7.6 0 























In the peptone solution (fig. 2) this fungus grows much better 
than in the Richards’ solution. Growth at 15° C. isas good, if not 
slightly better, than that at either 25° C. or 35°C. The inhibiting 
reactions are P, 2.8 and 7.4. Maximum growth is obtained be- 
tween P, 4.0 and 5.7. Although growth is less pronounced at 
25° C. than at 15° C., the acid limit is not materially altered. A 
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secondary maximum is shown at P, 3.8 with 138 mgs. This is 
followed by a marked decrease between P, 4.0 and 5.5, rising 
again to the maximum point, P, 6.0 with 153 mgs. The P, 
limits at 35° C. correspond rather closely to those at 15° C. 
Here, too, there is a secondary maximum at P, 4.2, and a maxi- 
mum at P, 6.4 with 141 mgs. As in the Richards’ solution, the 
optimum hydrogen-ion concentration lies between P, 5.5 and 
7.0. 

In all cases growth tends to increase the active acidity of the 
nutrient solutions (table IV). This is more marked in the peptone 
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Fig. 3. Daedalea confragosa in Richards’ solution. 


solution where the final P, range from 3.3 to 4.5 with a mean! 
of 3.5 at 15° C., 3.0 to 4.0 with a mean of 3.3 at 25° C., and 3.2 
to 3.8 with a mean of 3.5 at 35° C. In the Richards’ solution 
the final values range from P, 3.7 to 6.4 with a mean of 4.6 at 
15° C., 3.7 to 4.9 with a mean of 4.2 at 25° C., and 3.5 to 4.4 
with a mean of 3.9 at 35° C. 

The peptone medium supports growth through a slightly 
wider acid range than does the Richards’ solution. However, 


1 The mean is obtained from the final Px in those solutions supporting mycelia | 
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in neither case does the fungus grow in a slightly alkaline solution. 
Although 35° C. is the optimum temperature for growth in the 
Richards’ solution, in the peptone it shows no advantage over the 
other two. The optima P, ranges do not vary materially in 
either case except for the secondary maxima found in the peptone 
solution at 15° C. and 35° C. In both cases the active acidity 
of the medium is slightly increased. In the majority of instances 
the final P, is close to the hydrogen-ion concentration which 
inhibits the mycelial growth of this fungus. 

In the Richards’ solution at 15° C. the mycelium of Daedalea 
confragosa (table v, fig. 3) shows a very narrow range of growth, 
between P, 4.0 and 5.5. At 25° C. and 35° C. the P, limit on 
the acid side is 3.5, but on the alkaline side it is 7.0 at 35° C. 
and 7.2 for 25° C. The optimum range for the two higher tem- 
peratures lies between P, 5.5 and 7.0, with a slow decrease in 
growth as the solutions become more acid, and a sharp drop 
to 0 after passing the neutral point. 


TABLE V 


THE GROWTH OF DAEDALEA CONFRAGOSA AND THE CHANGES IN THE 
ACTIVE ACIDITY UPON BOTH THE RICHARDS’ AND PEPTONE 
SOLUTIONS AT DIFFERENT INITIAL Paz AND TEMPERATURES 


























15° C. 25° C. 35° C. 
ee eee eT Px Wt.of |___ Ps _| Wt. of 
mat in : mat in mat in 
Initial | Final mgs. Initial | Final mgs. | Initial | Final | mgs. 
3.5 3.5 0 3.5 3.5 0 
—3| 4.0 3.9 0 4.0 3.6 trace 4.0 3.7 36 
S| 4.5 3.9 15 4.3 3.5 28 4.5 3.6 45 
| 5.0 4.7 27 5.0 3.5 37 4.9 3.9 48 
5.5 5.5 0 5.4 3.8 41 5.4 3.8 44 
5.9 4.4 51 5.8 5.1 51 
2 6.5 5.9 48 6.5 5.7 48 
io (gt! 6.3 47 6.8 6.3 57 
7.2 7.2 0 7.0 7.0 0 
2.8 2.8 0 2.8 2.8 0 
3.3 3.3 0 3.5 6.5 332 3.6 6.5 | 210 
=| 4.0 4.7 166 4.0 6.4 267 4.0 6.6 | 188 
| 4.5 5.7 197 4.3 6.7 213 4.2 5.7 | 128 
| 4.9 6.0 198 5.0 6.6 212 5.0 6.3 | 147 
S| 5.5 5.5 150 5.5 6.3 330 5.4 5.5 99 
& 6.0 5.8 138 6.0 6.3 333 5.9 6.2 | 110 
Al 6.6 6.2 142 6.4 6.6 197 6.5 5.6 82 
7.0 5.9 100 7.0 6.9 71 7.0 v4 67 
7.6 7.6 0 7.5 7.5 0 7.5 7.5 0 
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In the peptone solution (fig. 4) the fungus grows best at 25° 
C. with maxima of 332 mgs. at Py 3.5 and of 330 and 333 mgs. 
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Fig.4. Daedalea confragosa in peptone-nutrient solution. 


at P, 5.5 and 6.0. These two are separated by a sharp drop 
at P, 4.0-5.0. The facts that growth is inhibited at P, 2.8 at 
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25° C. and 35° C. and at 3.3 at 15° C., and that the optimum 
range at 15° C. is Py 4.5-4.9 and 3.6-4.0 at 35° C. indicate less 
tolerance to acid at the lowest temperature. The growth curve 
at 25° C. is the only one to show a secondary maximum toward 
the neutral point. 

In the Richards’ solution, in general, the active acidity is in- 
creased by growth. The final P, range from 3.5 to 6.5 at 35° C. 
with a mean of 5.0, and from 3.6 to 6.3 at 25° C. with a mean 











Fig. 5. Armillaria mellea in Richards’ solution. 


of 4.9. On the other hand, in the peptone solution the active 
acidity is markedly decreased toward neutrality, the final values 
at 15° C. being P, 4.7 to 6.9 with a mean of 5.9; at 25° C., 6.2- 
6.9 with a mean of 6.5; and at 35° C., 5.6 to 7.1, with a mean of 
6.3. Only in the initial P, range, 6.0-7.0 at 15° C., and P, 7.0 
at 25° C. and 6.5 at 35° C. is the acidity of this solution increased. 

While this fungus grows a little better at 35° C. than at 25° C. 
in the Richards’ solution, it grows much better at the lower 
temperature in the peptone solution. In fact, 35° C. is the least 
favorable of the 3 temperatures in this latter solution, while 15° 
C. is evidently the poorest in the former. In the peptone, although 
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the optimum P, varies with the temperature, it lies in a more 
acid range than in the Richards’ solution. In the first medium 
the fungus decreases the active acidity close to the neutral point, 
while in the second, it slightly increases throughout the entire 
growth-range. 

Armillaria mellea in the Richards’ solution grows only in cul- 
tures in which the reaction is acid, as shown in table v1, fig. 5. 
Growth at 25° C. and 35° C. is more pronounced than at 15° C. 
and, of these two, 25° C. is the more favorable. At this tempera- 
ture growth is inhibited by P, 2.9 and 6.9, a wider limit on the 
acid side and a narrower limit on the alkaline side than at 15° 
C., where growth is inhibited by P, 3.4 and 7.4. The curve at 
35° C. resembles that at 25° C. but the amount of growth is less 
and the P, limits are narrower, being 3.4 and 6.9. The optimum 
in this high temperature is at P, 6.0 with a mat weighing 63 mgzs., 


TABLE VI 


THE GROWTH OF ARMILLARIA MELLEA AND THE CHANGES IN THE ACTIVE 
ACIDITY UPON BOTH THE RICHARDS’ AND PEPTONE SOLU- 
TIONS AT DIFFERENT INITIAL Pz AND TEMPERATURES 


























15° C. 25° C. 35° C. 
Ce Fae ft YS Eee Wt. of Pa Wt. of 
ae mat in as : mat in . mat in 
2.9 2.9 0 
| 3.4 3.4 0 3.5 3.3 34 3.4 3.4 0 
3 3.9 3.8 34 3.8 3.6 38 3.9 3.7 32 
2| 4.3 3.5 56 4.5 3.9 59 4.5 3.8 35 
| 5.0 4.5 31 4.9 4.4 74 4.9 4.3 59 
5.5 5.2 30 5.5 §.1 63 5.5 4.9 54 
| 6.0 5.6 31 6.0 5.7 68 6.0 5.4 63 
| 6-5 6.2 33 6.5 6.0 52 6.5 6.0 51 
6.9 6.8 35 6.9 6.9 0 6.9 6.8 0 
7.4 7.4 0 
2.0 2.0 0 
2.5 2.5 0 2.5 2.5 19 2.5 2.4 0 
2.8 2.5 70 2.8 2.9 120 3.0 3.3 65 
3.4 5.7 178 3.4 4.0 262 3.6 3.6 139 
3 4.0 5.7 149 3.8 4.0 301 3.9 4.2 293 
4.5 6.5 105 4.0 3.7 289 4.6 4.2 | 255 
5.0 6.7 116 4.9 4.8 257 5.0 4.9 | 271 
5.5 6.8 120 5.3 4.8 252 5.4 5.5 | 224 
2 6.0 6.8 115 6.0 4.8 253 6.0 4.6 | 201 
6.6 6.7 125 6.5 5.0 214 6.4 4.8 | 281 
7.0 7.4 132 7.0 6.5 112 7.0 5.8 187 
7.2 7.1 79 
7.5 7.5 0 7.8 7.8 0 7.4 7.4 0 
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as compared to P, 4.9 and a mat of 74 mgs. at 25° C. and 4.3 
and a mat of 56 mgs. at 15°C. The optimal P, for the two higher 


temperatures is less acid and not as sharply defined as at 15° C. 
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Fig.6. Armillaria mellea in peptone-nutrient solution. 


In the peptone solution (fig. 6) growth at 15° C. is noticeably 
less than at either 25° C. or 35° C., while at these two tempera- 


tures the curves are much alike. On the other hand, the growth- 
zones for 15° C. and 35° C. are practically identical, being Py 
2.5-7.5 in the first case and 2.5-7.4 in the second, as compared 
to 2.0-7.8 at 25° C. The optimal Px, 3.4 with a mat weighing 
178 mgs. at 15°C.,3.8 with a mat weighing 301 mgs. at 25°C., and 
3.9 with a mat weighing 293 mgs. at 35° C., are comparatively 
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close to the acid limit for growth. In all cases, after passing 
the optimum, the growth curves gradually and irregularly decrease 
as the solutions become less acid and fall rapidly to 0 after 
passing the neutral point. 

It is noticeable that both the ranges of growth and the amount 
of growth expressed in mgs. are greater in the peptone solution 











Fig. 7. Polyporus adustus in Richards’ solution. 


than at the corresponding temperatures in the Richards’ solution. 
In both cases growth at 15° C. is less than that at either 25° C. 
or 35° C. Of these 2 temperatures, although the differences are 
not pronounced, 25° C. is better as indicated both by increased 
growth and by wider P, limits. 

Polyporus adustus (table v1) in the Richards’ solution (fig. 
7) grows best at 25° C. and least at 15° C. At 25° C. growth is 
inhibited at P, 3.3 and 7.5, almost the same as at 35° C. where 
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growth is inhibited at 3.3 and 7.6. At 15° C. the inhibiting 
reactions are Py 3.5 and 7.5. At none of the 3 temperatures 
is there an outstanding maximum, as there is little difference 
in the amount of growth within the range P, 4.0-7.0 at 15° C. 
700 
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Fig. 8. Polyporus adustus in peptone-nutrient solution. 


and in the range 4.2-6.0 at 25° C. and 35° C. The active acidity 
at 15° C. is not materially changed by growth from the initial 
Py; at 25°C. it is slightly decreased through the range P, 3.9- 
6.0, and increased at 6.5 and 6.9; while at 35° C. it is decreased 
slightly at 3.9 and 4.2, and increased in the other solutions from 
0.2 to 0.6 of a Px, unit. 
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The most striking fact in the peptone solution (fig. 8) is the 
marked superiority of growth at 15° C. over that at either of the 
other 2 temperatures. Although the range of growth in this 
case is the same as at 25° C., P, 2.0-8.0, there is no close compari- 
son between the weights of the felts. At 15° C. the optimum 
range is P, 3.4-7.0 with a maximum of 679 mgs. at P, 6.0, while 
at 25° C. there is a marked optimum at P, 3.5, with 342 mgs. 
of growth. The inferiority of 35° C. for growth of this fungus 
is evidenced both by a reduction in the weights of the mats and 
by a decrease of the range of growth to P, 2.8-8.0. No marked 
optimum is produced, as growth varies slightly from 115 mgs. 
at P, 4.8 to 125 mgs. at P, 7.4, followed by a quick drop to 0 at 
Py 8.0. In this solution in most cases the mycelial growth de- 
creases the active acidity of the solution within the Py, range 


TABLE VII 


THE GROWTH OF POLYPORUS ADUSTUS AND THE CHANGES IN THE ACTIVE 
ACIDITY UPON BOTH THE RICHARDS’ AND THE PEPTONE SOLU- 
TIONS AT DIFFERENT INITIAL Pz AND TEMPERATURES 


















































15° C. 25° C. 35° C. 

Pu Wt. of Pu Wt. of Pu Wt. of 
oe mat in : : mat in mat in 
Initial | Final | mgs. | Initial} Final‘} mgs. | Initial | Final | mgs. 
3.5 3.5 0 3.3 3.3 0 3.3 3.3 0 

a} 4.0 3.9 46 3.9 4.3 trace 3.9 4.2 | trace 
S| 4.4 4.5 49 4.3 5.3 63 4.2 4.2 48 
% 5.0 4.4 42 §.1 5.7 81 §.1 4.9 60 
5.7 5.8 52 5.5 5.8 80 5.5 5.4 67 
6.1 6.2 44 6.0 6.3 89 6.0 5.4 71 
Fe 6.6 6.7 43 6.5 6.4 69 6.5 6.3 64 
7.0 7.2 71 6.9 6.7 64 6.9 6.7 62 
7.5 7.5 0 7.5 7.6 0 7.6 7.6 0 
2.0 2.0 0 2.0 2.0 0 
2.5 2.4 105 2.5 2.5 26 
2.8 2.4 316 2.8 3.1 75 2.8 2.8 0 
3.4 3.0 564 3.5 3.9 342 3.5 6.7 78 
| 3-9 3.9 546 4.0 6.5 122 4.0 6.2 100 
g| 4.5 6.8 443 4.2 6.3 121 4.2 6.4 89 
o| 4.9 5.8 544 5.0 6.6 174 4.8 6.0 115 
s , 5.3 7.4 230 5.2 6.2 119 
5, 5.5 6.8 390 5.5 6.6 109 5.5 5.6 111 
aa 6.0 4.5 679 6.0 6.0 131 6.0 6.0 123 
6.4 4.9 658 6.5 6.0 145 6.5 5.3 129 
7.0 5.0 602 7.0 6.0 126 7.0 7.6 121 
7.5 7.4 220 7.7 7.2 89 7.4 6.6 125 
7.9 7.8 102 
8.0 8.0 0 8.0 8.0 0 8.0 8.0 0 
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2.5-5.5 and increases it within the range 6.5-7.9. The reaction 
P; 6.0 remains close to the initial acidity. Some exceptions to 
this generality are found, for at 15° C. the acidity of the solutions 
in the P, range 4.5-5.5 is decreased, while in the remainder of 
the series the active acidity is increased. 

‘Polyporus adustus at all temperatures produces more growth 
and grows at a wider range of Py in the peptone solution than in 
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Fig.9. Pholiota adiposa in Richards’ solution. 








the Richards’ solution. While this fungus shows much better 
growth in the peptone solution at 15° C. than at either of the 
other 2 temperatures, it grows less at this temperature in the 
Richards’ solution than at either 25° C. or 35°C. Here, however, 
the variations in growth for the different temperatures are not 
as marked as they are in the peptone series. As there is no close 
correlation between the optimal P, for the two media, since 
they vary considerably with the temperature and with the 
solution, it is not possible to designate any definite range of Py 
as the optimum for growth of this fungus. 
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As evidenced by the wider growth limits over those obtained 
at 15° C. and 35° C., mycelial growth for Pholiota adiposa is 
best at 25° C. as shown in table vir and fig. 9. Here growth is 


Weight in Milligrams. 
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Fig. 10. Pholiota adiposa in peptone-nutrient solution. 


a 


inhibited by P, 2.8 and 7.0 as compared with 3.4 and 6.9 for both 
of the other 2 temperatures. Although the growth curves do 
not vary a great deal through this entire range they indicate that 
the greatest amount of growth occurred in the cultures incubated 
at 25° C. The optimum Py for the 3 temperatures is 6.0. 














1924) 


WOLPERT—FUNGI AND H-ION CONCENTRATION OF MEDIA 67 


In the peptone solution (fig. 10) the P, limits at 15°C. are 3.0 
and 7.5, while at 25° C. and 35° C. they are 2.8 and 7.5. Here 
the differences in P, are slight and point to no marked optimum 
temperature. On the other hand, growth is much more pro- 
nounced at 25° C. and 35° C. than at 15° C., and of these 2, 25° 
C. is the best. In this solution there is no outstanding P, 
indicating an optimum hydrogen-ion concentration, for at 15° 
C. growth varies very little between P, 3.5 and 6.5 and at 25° C. 
and 35° C. between 4.0 and 6.5. In solutions either more acid 
or more alkaline than the above values, Pholiota adiposa shows, 
by a sharp drop in growth, that it is not on a favorable medium 
with respect to hydrogen-ion concentration. 


TABLE VIII 


THE GROWTH OF PHOLIOTA ADIPOSA AND THE CHANGES IN THE ACTIVE 
ACIDITY UPON BOTH THE RICHARDS’ AND PEPTONE SOLU- 
TIONS AT DIFFERENT INITIAL Paz AND TEMPERATURES 






































15° C. 25° C. 35° C. 
Px Wt. of Pr Wt. of Ps Wt. of 
mat in , mat in mat in 
Initial | Final | mgs. | Initial| Final | mgs. | Initial} Final | mgs 

2.8 2.8 0 

; 3.1 3.3 15 3.0 | 3.0 0 
$| 3-4 3.4 0 3.5 3.3 17 3.5 3.2 31 
*| 3.8 3.6 24 3.8 3.6 25 3.8 3.4 39 
4.1 4.0 30 4.1 3.5 32 4.1 3.7 18 
5.0 5.0 21 5.0 | 4.1 45 5.0 5.0 23 
£) 5.5 5.5 34 5.5 4.8 63 5.5 5.3 35 
| 6.0 6.0 49 6.0 5.4 78 6.0 5.6 51 
6.5 6.4 28 6.4 6.0 36 6.5 6.0 44 
6.9 6.9 0 7.0 | 7.0 0 6.9 6.9 0 
3.0 3.0 0 2.8 2.8 0 2.8 2.8 0 
3.5 3.4 154 3.5 4.2 169 3.5 4.8 122 
=| 4.0 | 4.9 93 4.0 4.0 268 4.0 6.0 214 
&| 4.4 5.3 135 4.3 4.1 258 4.3 6.0 221 
8) 5.0 6.4 146 4.9 4.1 253 4.9 6.4 228 
S| 5.5 6.9 155 5.4 4.4 275 5.3 6.4 232 
& 6.1 7.0 133 6.0 4.6 275 6.0 6.3 247 
hl 6.5 7.3 142 6.5 4.6 241 6.5 4.6 244 
7.0 7.2 74 7.0 6.6 44 7.0 6.0 106 
7.5 7.5 0 7.5 7.5 0 7.5 7.5 0 

















In the Richards’ solution the growth of this fungus tends to 
increase slightly the active acidity (table vim). However, in no 
case does this increase amount to more than 1 whole P, unit 
while in the majority of cases it is less than one-half of a unit. 
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In the peptone solution there is a tendency to decrease the active 
acidity at both 15° C. and 35° C. and to increase it at 25° C. 
At this last temperature, for solutions within the initial P, range 
4.0-6.5, the final P, varies from 4.0 to 4.6. Growth at P, 3.5 
tends to decrease the acidity to 4.2. On the other hand, at 35° 
C. the initial P, range 4.0-6.0 changes to 6.0-6.3. There is an 











increase in the acidity at P, 6.5 to a final value of 4.6, and a 
decrease at P,, 3.5 to a final value of P, 4.8. When one compares 
the similarity of the growth curves at 25° C. and 35° C. these 
results are rather unexpected. Throughout the P, range 4.0-7.0 
the decrease in the acidity at 15° C. is less marked than at 35° C. 

Upon comparing the growth curves for the 2 solutions, it be- 
comes evident that 25° C. is the optimum temperature of those 
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employed, and that 35° C. is better on the whole than 15° C. 
Pholiota adiposa also grows better in the peptone solution 
than in the Richards’ solution, producing 4-5 times as much 
mat in the first solution as is produced in the second. While the 
fungus grows best at P, 6.0 in the Richards’ medium it does not 
show any such optimum point in the peptone solution. Further- 
more, within the range of these experiments, this fungus does 
not markedly or invariably decrease or increase the active 
acidity of the substratum upon which it grows. 

The mycelial growth of Pleurotus ostreatus (table rx) in the 
Richards’ solution (fig. 11) is limited to a comparatively narrow 
range of Py. At 15° C. growth is inhibited at P, 3.3 and 7.5, 
but it is evident, however, that the actual limits for growth are 
nearer to P, 4.0 and 7.0, as at these values only a trace of growth 
is obtained. The optimum P, range at this temperature is 4.4- 


TABLE IX 


THE GROWTH OF PLEUROTUS OSTREATUS AND THE CHANGES IN THE 
ACTIVE ACIDITY UPON BOTH THE RICHARDS’ AND THE PEPTONE 
SOLUTIONS AT DIFFERENT INITIAL Pz AND TEMPERATURES 





























15° C. 25° C. 35° C. 
Pu Wt. of Pu Wt. of Pa Wt. of 
mat in oS mat in : mat in 
Initial | Final mgs. | Initial | Final mgs. Initial | Final | mgs. 
3.0 | 3.0 0 
| 3.3 | 3.3 Oo | 35 | 3.3 23 | 3.5 | 3.5 0 
S| 4.0 | 3.7 | trace | 4.1 | 3.3 41 | 4.0 | 3.7 | 67 
=| 4.4 | 4.0 50 | 4.5 | 3.3 37 | 45 | 36 | 72 
| 5.0 | 4.0 41 | 5.1 | 4.0 70 | 5.0 | 4.1 | 88 
g| 5.5 | 5.5 61 | 5.5 | 4.3 80 | 5.3 | 4.1 | 107 
S| 6.0 | 6.1 54 | 6.0 | 5.3 74 | 6.0 | 5.2 | 60 
3} 6.5 | 6.8 57 | 6.5 | 5.7 49 | 65 | 5.6 | 73 
7.0 | 7.0 | trace | 6.9 | 6.2 44/70] 59 | 58 
7.5 | 7.5 © 173 1} 72 0 | 7.2 | 7.2 0 
3.0 | 3.0 0 
3.5 | 3.5 0 | 3.5 | 3.5 | trace 
4.1 | 4.1 46 | 40/69 | 192 | 4.2] 4.2 0 
| 4.5 | 46 | 123 | 4.3 | 7.0 | 180 
B] 5-0 | 64 | ae | 4.9 | 7.1] 16 | 49] 56 | os 
o| 55 | 68 | 194 | 52 | 68 | 237 | 52 | 5.8 4 
FS 5.7 | 68 | 127 | 5.7 | 6.3 | 255 
3} 6.0 | 7.2 | 217 | 59 | 6.7 | 216 | 6.0 | 6.3 | 207 
2] 65 | 73 | 19 | 64 | 69 | 142 | 65 | 7.2 | 108 
7.0 | 7.7 | 155 | 7.0 | 7.0 | 15 | 7.0 | 7.9 | 96 
75 | 81 | 109 | 7.5 | 84] 100 | 7.5 | 82 | 90 
8.0 | 8.0 | 109 | 8.0 | 8.4 86 | 8.0 | 82] 91 
8.5 | 8.5 oO | 85 | 85 o | 85 | 8.5 0 
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6.5 with maximum growth of 61 mgs. at Py 5.5 . That 25° C. is 
more favorable for growth of this fungus than 15° C. is indicated 
both by the widened range of P, and by the heavier mats. Here 
growth is not inhibited until P, 3.0 is reached on the acid side and 
until 7.2 is reached on the alkaline side, while best growth is 
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Fig. 12. Pleurotus ostreatus in peptone-nutrient solution. 


obtained at P, 5.5 with 80 mgs. Growth of this species is less 
tolerant to an acid medium at 25° C. than it is at 35° C., but in 
an alkaline medium, on the other hand, the fungus grows better 
at the lower of the 2 temperatures. For the 3 temperatures, as 
indicated by the growth curves, the optimum P, range is 5.0- 


6.5. 
In the peptone solution (fig. 12), using the amount of growth 
as an indicator, it is difficult to pick out any optimum temperature, 
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but from the standpoint of range of Py, 25° C. is a little better 
than 15° C. and considerably better than 35° C. Although at 
this medium temperature the growth curve fluctuates, making 
it difficult to determine the optimum range, the 2 high points 
lie at Py 5.2 and 5.9. At 35° C., however, there is a very sharp 
optimum of 255jmgs. at Py 5.7, as compared with 237 mgs. at 
Py 5.2, and 216 mgs. at Py 5.9 for 25° C., and 217 mgs. at Px 














Fig. 13. Polystictus versicolor in Richards’ solution. 


6.0 for 15° C. Although the fungus may be a little more tolerant 
to acid at 25° C. than at 15° C., a comparison of the Py limits 
and of the optimum range show that there are no fundamental 
differences in the growth curves of these 2 temperatures. 
While the active acidity in the Richards’ solution is slightly 
increased in the majority of cases, in the peptone solution it is 
invariably decreased close to neutrality or to slight alkalinity. 
In the former solution, within the Py range at which Pleurotus 
ostreatus grows, the final P, at 25° C. varies from 3.3 to 6.2, 
while in the latter solution the final range at the same temperature 
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varies from 6.9 to 8.4. This well indicates the different reaction 
within the 2 types of media. 

The marked tolerance to slight alkalinity and the greater 
amount of growth in the peptone solution show that this medium 
is much the better of the two. In the Richards’ solution there 
is no indication that this fungus will grow on an alkaline media, 
while the average weight of the mats is about one-fourth of the 
average for those obtained in the peptone solution. Although 
35° C. is the most favorable for growth of this fungus in the 
Richards’ medium, there is no sharp difference between the 3 
temperatures in the peptone medium. Here 35° C. is not as 
favorable as either 25° C. or 35° C., from the standpoint of P, 
range, but it is a little better when considered from the amount 
of growth at the optimum Py. With some individual variations, 
Pleurotus ostreatus shows, as indicated in both media, an optimum 
range between P, 5.0 and 6.5. 

Because of the wider range of growth at 25° C., this temperature 
is the optimum for growth of Polystictus versicolor in the Richards’ 
solution (see table x and fig. 13). The P, limits at this tempera- 
ture are 2.5 and 7.6, as compared with 3.5 and 7.3 for 15° C., 
and 2.9 and 6.8 for 35° C. Maximum growth at 25° C. is obtained 
at P, 5.5 with a mat weighing 86 mgs. On either side of the 
optimum zone, P, 4.2-6.0, growth dtops off rapidly. At the 
lowest temperature the optimum growth-zone is P, 3.8-6.5 and, 
while there is no outstanding optimum Py, growth is better at 
5.0 with a mat of 59 mgs. than at any other point within the 
optimum range. At 35° C. the fungus produces an optimum at 
5.5 with 88 mgs. and an optimum zone between P, 4.2 and 6.6. 

This same fungus in the peptone solution (fig. 14) grows a 
little better at 15° C. than at 25° C. and much better than at 35° 
C. At the 2 lower temperatures the P, limits are practically 
identical, being 2.5 and 7.4 for 15° C. and 2.5 and 7.5 for 25° C. 
At 35° C. there is a marked narrowing of the limits on the acid 
side, the range being Py 3.0-7.5. At 25° C. and 15° C. marked 
optima are shown in the growth curves, the first being at P, 3.5 
with 505 mgs. and the second at P, 4.0 with 507 mgs. The 
optimum is not so pronounced for 35° C., ranging from P, 4.0 to 
4.9 with 316 and 304 mgs. 
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TABLE X 


THE GROWTH OF POLYSTICTUS VERSICOLOR AND THE CHANGES IN THE 
ACTIVE ACIDITY UPON BOTH THE RICHARDS’ AND THE PEPTONE 
SOLUTIONS AT DIFFERENT INITIAL Pz AND TEMPERATURES 
































15° C. 25° C. 35° C. 
Ps Wt. of Ps Wt. of Ps Wt. of 
mat in mat in Ff mat in 
Initial | Final mgs. | Initial} Final mgs. | Initial | Final | mgs. 
2.5 2.5 0 
2.9 2.9 20 2.9 2.9 0 
w| 3.5 3.5 0 3.5 3.4 30 3.5 3.3 trace 
S| 3.8 3.7 43 3.8 3.5 48 3.8 3.6 60 
~,| 4.2 3.6 51 4.2 3.4 71 4.2 3.8 72 
5.0 4.6 59 5.0 3.6 70 5.0 4.2 51 
5.5 5.2 55 5.5 5.0 86 5.5 5.2 88 
2] 6.0 5.9 44 6.0 5.5 65 6.0 5.5 57 
G} 6.5 6.2 47 6.5 5.7 47 6.3 5.5 54 
6.7 6.7 32 7.0 6.2 50 6.6 6.0 59 
7.3 7.3 0 7.6 7.6 0 6.8 6.8 0 
2.5 2.5 0 2.5 2.5 0 
3.0 3.0 105 3.0 2.8 50 3.0 3.0 0 
3.5 3.5 402 3.5 4.2 505 3.5 4.4 195 
=| 4.0 5.2 507 4.0 3.8 337 4.0 4.0 316 
| 4.5 5.6 414 4.2 4.0 320 4.2 4.0 307 
g 5.0 5.3 441 4.9 4.7 303 4.9 4.8 304 
3 5.3 5.0 378 5.2 5.0 260 
& 5.5 5.4 373 5.5 4.9 376 5.5 5.1 273 
a} 6.0 4.5 410 6.0 5.0 395 6.0 5.0 243 
6.5 4.7 374 6.5 4.8 244 6.5 5.0 205 
7.0 5.2 208 7.0 6.7 137 6.8 5.2 119 
7.4 7.4 0 7.6 7.5 0 7.5 7.5 0 























This species tends to increase the active acidity of the solutions 
in which it grows. In every case in the Richards’ solution the 
acidity is slightly increased, usually less than 1 P, unit. In the 
peptone solution, with a few exceptions in the more acid range, 
this tendency persists, the amount of increase, as in the Richard’s 
solution, being less than 1 unit. Comparing the 2 solutions, 
however, the increase is greater in the peptone solution. 

When comparing the growth in the 2 media it becomes evident 
that the peptone solution is much the better. With peptone as 
the source of nitrogen, Polystictus versicolor produces some 5 to 
6 times as much mat as when an inorganic salt is the source of 
nitrogen. The range of growth in the peptone solution is not 
materially widened on the alkaline side except at 35° C., but on 
the acid side it is markedly widened for 15° C. and 35° C. For 
25° C. it remains the same in both solutions. It is evident that 
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Fig. 14. Polystictus versicolor in peptone-nutrient solution. 
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the optimum temperature in the one solution is not necessarily 
the optimum in the other, for in the Richards’ solution the fungus 
shows poorest growth at 15° C., while in the peptone solution it 
shows best growth at this same temperature. The poorest results 
are given at 35° C. in the peptone solution and intermediate in 
the Richards’ solution. The optimal Py range in the peptone is 
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Fig. 15. Schizophyllum commune in Richards’ solution. 
somewhat more acid than that in the Richards’ solution, in the 
first case being close to the zone P, 3.5-5.0 and in the second, 
to the zone 4.0-6.5. Except at the 2 lower temperatures in the 
peptone solution, there is no indication of a marked optimum Px. 
Although the P, range at 15° C. is somewhat narrower than at 
the other 2 temperatures, Schizophyllum commune (table x1) 
grows best at this temperature in the Richards’ solution (fig. 15). 
Here the Py limits are 3.7 and 7.0, while at 25° C. and 35° _C. 
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they are 3.4 and 6.9 and 3.4 and 7.0. Only at 15° C. is there 
any indication of a pronounced optimum Py, this being 5.6 with 
82 mgs. of growth. At the 2 higher temperatures the optimum 
growth-zone is P, 4.9-6.5, while at 15° C. it is somewhat nar- 
rower, being 4.3-6.0. 


TABLE XI 


THE GROWTH OF SCHIZOPHYLLUM COMMUNE AND THE OHANGES IN THE 
ACTIVE ACIDITY UPON BOTH THE RICHARDS’ AND THE PEPTONE 
SOLUTIONS AT DIFFERENT INITIAL Pz AND TEMPERATURES 


























15° C. 25° C. 35° C. 
Ps Wt. of Pa Wt. of Pa Wt. of 
mat in mat in mat in 
Initial | Final mgs. | Initial} Final mgs. | Initial} Final | mgs. 
3.4 | 3.4 0 3.4 | 3.4 0 
122 488 0 3.9 | 3.6 30 3.9 | 3.7 22 
S| 4.3 | 3.7 52 4.2 | 3.6 32 4.3 | 3.8 26 
“_| 5.0 | 3.8 47 4.9 | 3.7 35 4.9 | 3.8 33 
5.6 | 4.5 82 5.4 | 3.8 42 5.4 | 4.6 37 
6.0 | 5.4 54 5.9 | 4.6 36 5.8 | 5.1 30 
‘S| 6.5 | 6.4 18 6.3 | 5.6 37 6.3 | 5.5 45 
me 6.6 | 6.4 35 6.5 | 5.8 38 
7.0 | 7.0 0 6.9 | 6.9 0 7.0 | 7.0 0 
2.8 | 2.8 0 2.8 | 2.8 0 2.9 | 2.9 0 
3.5 | 3.5 | trace 3.5 | 3.6 248 3.5 | 3.5 97 
3.9 | 4.7 687 4.0 | 5.8 569 4.0 | 5.8 | 327 
| 4.6 | 5.7 844 4.4 | 6.0 645 4.4 | 6.1 483 
3] 5.0 | 5.9 884 4.9 | 6.0 | ‘671 5.0 | 5.8 | 388 
s| 5.5 | 5.9 880 5.4 | 6.0 645 5.3 | 5.9 | 391 
§| 6.0 | 5.8 866 5.6 | 6.0 742 5.6 | 5.9 | 289 
=| 6.0 | 5.8 560 6.0 | 6.3 | 512 
g| 6-6 | 5.9 553 6.4 | 5.9 542 6.7 | 6.4 | 465 
7.0 | 5.9 431 6.9 | 5.9 550 7.0 | 6.4 | 400 
7.6 | 6.3 391 7.8 | 6.2 511 7.5 | 6.5 | 305 
8.0 | 6.5 196 8.0 | 8.0 0 
8.5 | 8.5 0 8.5 | 8.5 0 





























In the peptone solution (fig. 16) the fungus again shows opti- 
mum growth at 15° C. with a range from P, 2.8 to 8.5. This 
is a narrower range on the acid side than that for either 25° C. 
or 35° C. but a wider range on the alkaline side than for 35° C.; 
the intermediate temperature having a range from Py, 2.8-8.5 
and the higher from 2.9 to 8.0. The optimum Py zone at 15° C. 
is 4.6-6.0 with a maximum of 884 mgs. at Py 5.0, and at 25° C. 
it is 4.4-5.6 with a maximum of 742 mgs. at Py 5.6. At 35° C. 
the growth curve fluctuates widely through a range of 200 mgs. 
between P, 4.4 and 7.5, making it difficult to show either an 
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Fig. 16. Schizophyllum commune in peptone-nutrient solution. 
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The mycelial growth of Schizophyllum commune tends to 
increase the active acidity of the Richards’ solution throughout 
the entire P, range and at all temperatures. The degree of 
increase is not pronounced in any case, the highest being 1.6 
P, units and the lowest 0.1 unit, while the majority of changes 
are less than 1 unit. In the peptone solution, on the other hand, 
there is a tendency to decrease the acidity of all solutions with 
an initial acidity greater than P, 6.0 and to increase it when the 
initial acidity is less than this figure. The initial reaction, P, 6.0, 
at the 2 lower temperatures is slightly increased, while at the 
highest temperature it is slightly decreased. Within the initial 
range used in these experiments, growth between P, 4.0 and 8.0 
tends to produce a final range from P, 3.7-6.5. In the Richards’ 
solution, on the other hand, this tendency to change the acidity 
to approximately P, 6.0 is not evident, as the final P, range is 
more acid than the initial. 

The most outstanding feature in comparing Schizophyllum 
commune in the 2 solutions is that in the peptone medium the 
fungus grows from 15 to 20 times better than in the Richards’ 
solution. It shows optimum growth in both cases at 15° C. and 
poorest at 35° C. The differences are not so marked, however, 
in the Richards’ solution as in the peptone solution where the 
inferiority of 35° C. for growth is quite noticeable. The optimum 
P, range for both solutions lies between 4.0 and 6.0, with little or 
no evidence that the fungus tends to grow better at any one P, 
than at any other within this zone. 

The results, from cultures at 25° C. in a 0.5 per cent peptone- 
nutrient solution at initial acidity of Py 3.0, 4.0, 5.0, 6.0, and 7.0 
(table xu, figs. 17 and 18), indicate that in every case except 
for Pholiota adiposa the fungi grow best when the initial Py is 
4.1. This one fungus grows better at P, 5.0. Pleurotus ostreatus 
(fig. 17) and Daedalea confragosa (fig. 18) grow more actively 
than the other 6 species, reaching 139 mgs. at Py 4.0 and 135 
mgs. at P, 5.0 in the first case, and 127 mgs. at Py 4.0 and 118 
mgs. at P, 5.0 in the second. These same 2 fungi fail to grow 
at P, 3.0, while all of the other species produce some felt at this 
acidity. These other 6 species are closely grouped with respect 
to the amount of growth, all being able to utilize peptone as a 
source of carbon. 
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Fig. 17. Armillaria mellea, Pholiota adiposa, Polystictus versicolor, and Daedalea 
confragosa in a peptone-nutrient solution without sugar and at 25° C. 
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Fig. 18. Polyporus adustus, Schizophyllum commune, Lenzites sepiaria, and 
Pleurotus ostreatus in a peptone-nutrient solution without sugar and at 25°C. 
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TABLE XII 


GROWTH AND CHANGES IN THE ACTIVE ACIDITY AT 25° C. AND AT DIF- 
FERENT INITIAL Ps IN A SOLUTION WITH PEPTONE AS THE 
ONLY SOURCE OF CARBON AND NITROGEN 


























Fungi 
Schizophyllum Pol Lenzites Pleurotus 
commune be sae sepiaria ostreatus 
Wt. of Wt. of Wt. of Wt. of 
Ps | matin Ps |matin| Ps =j|matin}] P= | matin 
mgs. mgs. mgs. mgs. 
3.0/3.0] 47 3.0 | 3.0 37 |3.0/}3.0] 24 3.0 | 3.0 0 
4.1| 5.6 84 4.1 | 6.6 99 | 4.1 | 6.6 91 4.0/7.3 139 
5.0}5.9| 70 | 5.0/6.0 67 | 5.0/6.7] 82 5.0]7.2] 135 
6.0}6.0| 62 6.0 | 6.6 75 | 6.0] 7.3 73 6.0 | 7.9 89 
7.0} 6.7| 70 7.0 | 6.9 40 | 7.0/7.2! 39 7.0 | 8.0 78 
Pholiota Armillaria Polystictus Daedalea 
adiposa mellea versicolor confragosa 
3.0/3.5] 31 3.0 | 3.2 25 |3.0/3.1] 31 3.0 | 3.0 0 
40156] 53 4.0}6.6] 102 | 4.0)}5.4] 651 4.0|6.6| 127 
5.0|6.8| 76 5.0 | 6.7 9 | 5.0/5.5) 39 5.0/6.8] 118 
6.017.0| 53 6.0} 7.4 95 |6.0/5.4] 33 6.0 | 6.9 89 
7.0 | 7.4 49 7.01 7.4 36 | 7.0 | 7.5 41 7.0 57.2 41 



































In every case the active acidity of the solutions with the initial 
P, 3.0 is not materially altered by growth, while in the majority 
of cases in those solutions with an initial acidity of Py 4.0, 5.0, 
and 6.0, the active acidity is reduced ‘close to neutrality. Excep- 
tions to this are: Polystictus versicolor at Py 6.0, Polyporus adustus 
at P, 7.0, and Schizophyllum commune at Py, 6.0 and 7.0. In 
these cases the active acidity is slightly increased. The acidity 
is decreased less by Polystictus versicolor and more by Pleurotus 
ostreatus than by the other species, the final values ranging from 
5.4 to 5.5 in the first case and from 7.2 to 8.0 in the second. 

The use of filter-paper strips and cellulose suspensions in 
cultures made it necessary to form some standard for measuring 
the amounts of growth other than by the dry weights of the mats. 
This was accomplished by comparing the growth in the cultures 
with a definite scale ranging from 0 to 5, where 0 designates no 
growth; 1, traces of submerged growth; 2, submerged growth more 
than in 1 but less than 50 per cent of the surface covered; 3, as 
in 2 but the surface more than 50 per cent and less than 100 per 
cent covered ; 4, as in 2 but the surface entirely covered by a thin 
film of mycelium; and 5, surface covered by a thicker mat than in 
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4. This criterion is used throughout the series where celluloses 
are used in liquid cultures. 

The hydrolysis of the filter-paper is also measured according 
to a definite scale ranging from 0 to 6, where 0 represents no utili- 
zation as evidenced by the intact strips; 1, strips appear intact 
but are rather easily shredded upon being touched; 2, more than 
75 per cent of the strips are intact, but 25 per cent are already 
partially decomposed and shredded; 3, more than 50 per cent 
and less than 75 per cent of the strips are intact; 4, more than 25 
per cent but less than 50 per cent of the strips are intact and less 
than 25 per cent completely shredded; 5, less than 25 per cent 
of the strips are intact, but more than 25 per cent and less than 
50 per cent are completely decomposed; and 6, the strips are 
entirely decomposed into a fibrous condition. 

Table x11 shows that all the fungi are able to some extent to 
utilize filter-paper as a source of carbon. Some species, such as 
Armillaria mellea and Polystictus versicolor, throughout the entire 
P, range from 3.0 to 7.0, show considerable hydrolysis of the 
paper, more than half of the strips being dissolved and partially 
utilized. Other forms, such as Daedalea confragosa, Pleurotus 
ostreatus, and Polyporus adustus, show less utilization of the paper 
cellulose. Lenzites sepiaria, Schizophyllum commune, and Pholiota 
adiposa make minimum use of this source of carbon. In only one 
case, Pholiota adiposa at Py 5.0, is over 50 per cent of the cellulose 
dissolved, while with the other 2 species, Lenzites sepiaria and 
Schizophyllum commune, more than 75 per cent of the strips are 
left intact or are only slightly shredded after 30 days. Schizo- 
phyllum commune, Daedalea confragosa, and Pleurotus ostreatus 
do not grow at P, 3.0, while all of the other species are capable 
of a small amount of growth at this acidity. Polyporus adustus, 
Daedalea confragosa, Pleurotus ostreatus, and Armillaria mellea 
grow as well at P, 7.0 as at any other Py, while the other species 
are characterized by maximum mycelial growth and utilization 
of the filter-paper at the intermediate reactions. 

Although there is some considerable variation in Pg, all species 
except Polystictus versicolor reduce the active acidity of the more 
acid solutions. Daedalea confragosa, Armillaria mellea, Schizo- 
phyllum commune, and Polyporus adustus slightly increase the 
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TABLE XIII 


GROWTH AT 25° C. AND UTILIZATION OF FILTER-PAPER AS THE SOURCE 
OF CARBON IN A WEAK PEPTONE SOLUTION WITH 
DIFFERENT INITIAL Pa 





















































Fungi 

Polystictus Polyporus Schizophyllum Lenzites 

versicolor adustus commune sepiaria 
ta | a Ss =| 
Ay ml ° x ° moi S 7 = ° 
—s+|%|$2|/.3| a |3 Bla |g Sia |$2] 3 
a | 2 /ERIES| a [2b|88) 2 [fe/84) o 26) Be 
S|) mR IS ees Sh/E% SEES] & |S8/ ES 
3.0/3.2] 3 3 |5.0/] 3 1 |3.4] 0 0 3.6 2 1 
40,46) 4 5 |5.9] 3 et > Se 2 6.2 3 2 
6.0) 4.5] 5 5 |5.8] 4 3 |6.0/] 5 2 6.2 3 2 
6.0} 4.7) 4 4159] 3 3 16.0] 3 1 6.7 3 2 
7.0;}6.21 2 3 |5.61 4 4 |}63{| 2 1 7.8 2 1 

Daedalea Pleurotus Pholiota Armillaria 

confragosa ostreatus adiposa mellea 
3.0}2.8] 0 0 |2.8] 0 Besa: 1 3.8 4 + 
4.0;6.1| 4 3 16.0] 5 3 |5.5)| 4 2 4.5 5 5 
§.0};5.9)] 4 3 |}6.1] 5 3 |5.0] 5 3 5.0 5 5 
6.0/5.2] 5 416.6] 5 3 |6.6)] 4 2 4.6 5 5 
7.01631 3 eo te te Sv ey St 4.3 4 5 























active acidity of the solutions with an initial P, 6.0 and 7.0. 
Pholiota adiposa, Lenzites sepiaria, and Pleurotus ostreatus, on the 
other hand, tend to change the initial P, 6.0 toward neutrality 
and the initial P, 7.0 to slight alkalinity. The direction and 
amount of change in the active acidity vary with the fungus 
under consideration and with the initial P, of the solution. 
Polyporus adustus, Polystictus versicolor, Schizophyllum com- 
mune, Lenzites sepiaria, and Pleurotus ostreatus grow slowly in 
the Richards’ solution where cellulose from different species of 
wood is used as the source of carbon (table x1v). Without an 
exception the bulk of the growth is beneath the surface of the 
solution in close contact with the cellulose, forming an inseparable 
mass. In no case is growth obtained at P, 2.9, while in the major- 
ity of instances maximum growth occurs at P, 5.0 and 6.0. Of 
the 5 species, Lenzites sepiaria makes the poorest growth through- 
out and fails to grow at all upon cellulose from poplar wood. 
Pleurotus ostreatus and Polyporus adustus, on the other hand, 
show most active growth. In both of these cases growth is less 
vigorous on pine-wood cellulose than on the other celluloses 
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from maple, oak, and poplar woods. Polyporus adustus grows 
best on poplar-wood cellulose, and Pleurotus ostreatus on cellulose 
derived from either maple or poplar woods. Polystictus versi- 
color and Schizophyllum commune, while growing less vigorously 
than either of the other 2 species, do not show decreased growth 
when pine-wood cellulose is used. 

In every case the acidity of the solutions is but slightly changed; 
where the initial is P, 4.0, the final is 3.5 to 4.1; where the initial 
is Py 5.0, the final is 4.3 to 4.2; and where the initial is P, 6.0, 
the final is 5.6 to 6.4. In only one case, Polystictus versicolor in 
maple-wood cellulose, is the final acidity increased where the 
initial is P, 6.0, while in just one instance, Polyporus adustus 
in poplar-wood cellulose, is the final acidity decreased where the 
initial is P, 5.0. There is no indication that any fungus tends to 
decrease or increase the active acidity with any degree of regular- 


ity. 
TABLE XIV 
GROWTH AT 25° C. AND AT DIFFERENT INITIAL Pa IN A MODIFIED 
RICHARDS’ SOLUTION WITH CELLULOSE AS THE 
SOURCE OF CARBON 














Fungi 
, Schizo- 
aase Polystictus phyllum Lenzites Pleurotus 
ustus versicolor commune sepiaria ostreatus 

= 
&/ 2 |gel¢ |ge| & [ge] & lage] € [ae 
4 8 3B 8 g g 
2 | 2 lee] 2 \f8| 2 l26| 2 lee 2 lee 
4 ee 12 je |e me |e me 1S & |e 
2.9 2.9 0 2.8 0 2.9 0 2.9 0 2.9 0 
4.0 3.9 1 4.1 2 3.9 1 4.1 2 3.8 1 
5.0 4.5 2 4.5 3 4.5 2 4.8 2 4.6 2 
6.0 5.7 2 6.0 2 6.3 2 6.0 1 6.4 3 
2.9 2.9 0 2.8 0 3.0 0 3.0 0 2.9 0 
4.0 3.9 1 3.6 2 4.0 1 4.0 1 3. 2 
5.0 5.2 2 4.6 3 4.5 2 4.5 2 4.3 4 
6.0 6.3 3 5.6 2 6.1 2 6.2 1 6.2 4 
2.9 2.8 0 2.9 0 2.9 0 2.9 0 2.9 0 
4.0 3.5 1 4.0 1 3.9 1 4.0 1 3.8 1 
5.0 4.9 2 4.6 2 4.6 1 4.8 1 4.8 3 
6.0 6.0 3 6.2 0 6.2 2 6.2 2 6.2 3 
2.9 —_ _ _ _— _ — — - — — 
4.0 4.0 2 4.0 , 4.0 0 4.0 1 
5.0 5.1 4 4.5 3 4.8 0 5.0 4. 
6.0 6.2 3 6.0 0 
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When this Richards’ solution with the same celluloses as the 
sources of carbon is solidified with 2 per cent agar and inoculated, 
the diametric growth of these same 5 species of fungi is slow. It 
is characterized by a very thin superficial layer of mycelium and 
by clearing of the agar, denoting utilization of cellulose. The 
growth in diameter, both of the fungi and of the clear zones, was 
measured every other day for 18 days, when all growth had 
stopped, due to the drying of the agar. As the intervening 
measurements simply show successively increasing growth with- 
out any striking departures from the normal, the final figures, 
as obtained at the end of 18 days, are the only ones presented in 
table xv. 

TABLE XV 


DIAMETRIC GROWTH OF THE FUNGI AND OF THE CLEAR ZONES IN A MODI- 
FIED RICHARDS’ SOLUTION SOLIDIFIED WITH 2 PER CENT AGAR 
AND WITH CELLULOSE AS THE SOURCE OF CARBON. 
MEASUREMENTS GIVEN IN MILLIMETERS 

















Fungi 
Polystictus | Pleurotus | Schizo- | Polyporus | Lensites 
r phyllum “sagen 

versicolor ostreatus Pw orem pe 5 sepiaria 
Bi 3 3 S_ 3 
SEE EE EEE EEE EEE 

° 

Z [SB as HE EES # FEES HEPES a pelas 
a = Qa 
2.8 0 0 0 0 0 0 0 0 0 0 
4.0 70 48 61 25 68 60 75 id 0 0 
4.6 | 80 | 41 | 70 | 74 | 80 | 70 | 9 | 6 | O| O 
5.0 26 0 62 65 62 56 80 65 0 0 
6.0 65 32 70 65 55 60 80 40 0 0 
2.8 0 0 0 0 0 0 0 0 0 0 
4.0 0 0 61 22 0 0 52 30 0 0 
4.6 0 | 0 | 6 | 35 | 4 a oe Bae ee | 
5.0 0 0 32 ng a7 ° 74 60 0 0 
6.0 0 0 68 ¢ 42 - 65 55 0 0 
2.8 0 0 0 0 0 0 0 0 0 0 
4.0 0 0 60 2 48 > 58 30 0 0 
4.6 78 35 65 78 70 30 75 70 0 0 
5.0 70 35 70 65 40 40 76 60 0 0 
6.0 62 38 73 72 55 45 77 75 0 0 
2.8 0 0 0 0 0 0 0 0 0 0 
4.0 0 0 29 0 36 2 21 0 0 0 
4.6 0 0 75 40 69 ° 85 60 0 0 
5.0 0 0 83 50 41 - 70 35 0 0 
6.0 0 0 70 58 36 " 0 0 0 0 



































* No definite clear zone. 
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In no case is growth secured in the most acid plates, those with 
an initial P, of 2.8. Lenzites sepiaria does not grow under any 
condition and apparently is unable to utilize the cellulose con- 
tained in the agar. Polystictus versicolor grows and utilizes the 
cellulose from both poplar and maple woods but not from pine 
and oak woods, while the other 3 species will grow to some extent 
upon celluloses derived from the 4 types of wood. There is some 
doubt as to the utilization of cellulose from pine and oak woods 
by Schizophyllum commune, for in this, and in a few others, the 
plates remained cloudy in spite of the comparatively active 
growth. Pleurotus ostreatus, one of the most active users of 
cellulose, does not avail itself of the carbon from the pine-wood 
cellulose as readily as of the other forms of cellulose, while 
Polyporus adustus does not show this difference. Most active 
growth and hydrolysis are secured in those plates with an initial 
Py of 4.6, 5.0, and 6.0. In some cases, however, as with Schizo- 
phyllum commune and Polystictus versicolor on poplar-wood 
celluloses, growth of the fungi and utilization of the cellulose 
are as marked at P, 4.0 as in the less acid plates. 


DIscussiIOoNn 


All of the fungi used in these experiments show growth through 
a considerable range of hydrogen-ion concentration. A brief 
review of the facts, as previously presented, show that the fungi 
studied are partial to acid media, and that in the majority of 
cases they fail to grow in slightly alkaline solutions. It can be 
said for these fungi in general that they are acid-loving organisms, 
but such a statement does not imply that none of them will 
grow upon an alkaline solution. In this respect they exhibit 
some individual differences. 

In the Richards’ solution, the less favorable of the 2 major 
solutions used, there is no indication that any of the 8 species will 
grow in an alkaline culture. Polyporus adustus and Pleurotus 
ostreatus do grow at Py 7.0. While this tendency to grow in a 
neutral solution is not as marked for Polystictus versicolor as 
for the first 2 species, it does grow better at P, 7.0 than do the 
other 5. Although in some cases growth is obtained at Py 6.8 
and 6.9, Daedalea confragosa, Lenzites sepiaria, Schizophyllum 
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commune, Pholiota adiposa, and Armillaria mellea fail to grow at 
P, 7.0. 

This tendency to grow only in an acid medium is less evident 
in a more favorable nutrient, the peptone solution. Here in every 
case growth is secured at P, 7.0, and only 4 species, Polystictus 
versicolor, Lenzites sepiaria, Pholiota adiposa and Daedalea con- 
fragosa, fail to grow in an alkaline solution. For these 4 species 
growth at P, 7.0 is much less than at more acid values. Three 
of the remaining 4 species, Schizophyllum commune, Pleurotus 
ostreatus, and Polyporus adustus, grow definitely on a slightly 
alkaline solution, the first 2 growing until P, 8.5 is reached and 
the third until P, 8.0 is reached. Armillaria mellea in this case 
shows an intermediate condition similar to that obtained for 
Polystictus versicolor in the Richards’ solution. While Polyp- 
orus adustus and Pleurotus ostreatus are tolerant to a neutral 
substratum in the Richards’ solution and to an alkaline substra- 
tum in the peptone solution, this is not true for Schizophyllum 
commune, which is distinctly intolerant to neutrality in the first 
case and more tolerant to alkalinity than any other species in 
the second. 

Of these fungi which were more tolerant to alkali, Schizophyllum 
commune and Pleurotus ostreatus are a little less tolerant to acid 
in the peptone solution than the other species, while Polyporus 
adustus is markedly more tolerant (table xv1). In the Richards’ 
solution this relationship is not as distinct, for, while Schizophyl- 
lum commune retains indications of being less tolerant to acid, 
Pleurotus ostreatus and Polyporus adustus differ little or not at 
all from the other 5 fungi. On the other hand, of those species 
which show no indication of growth in alkaline solution, Lenzites 
sepiaria and Pholiota adiposa react as do the majority with 
reference to acid tolerance, while Polystictus versicolor shows a 
wider range on the acid side in the Richards’ solution. Armillaria 
mellea exhibits a wider range on the acid side in the peptone 
solution. In other respects these 2 species do not differ from the 
majority. 

The data obtained from these experiments have shown that 
mycelial growth of Polystictus versicolor, Lenzites sepiaria, Pho- 
liota adiposa, Armillaria mellea, and Daedalea confragosa is 
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TABLE XVI 


THE HYDROGEN-ION CONCENTRATION, EXPRESSED IN Pus, 
CAPABLE OF INHIBITING MYCELIAL GROWTH 






































Solution 
Richards’ Peptone 

: Acid limit Alk. limit Acid limit Alk. limit 

Fungi in Pu in Pa in Pa in Pu 

oe: *<. mt? °C. 
15 | 25 | 35 | 15 | 25 | 35 | 15 | 25 | 35 | 15 | 25 | 35 
S. commune 3.713.4|3.417.1|6.917.0/3.512.8/2.918.5/8.518.5 
L. sepiaria 3.5|3.513.517.3|)7.1)/6.9|2.8)2.8/3.0)7.4|7.517.6 
Ph. adiposa 3.4|2.8/3.4|6.9|7.0|6.9/3.0/2.8/2.8|7.5)7.6|7.6 
P. versicolor 3.5}2.513.017.317.616.8)2.5/2.513.017.4/7.517.5 
Pl. ostreatus 3.3|2.9/3.5|7.5|7.217.513.5|3.0/4.2/8.518.5/8.5 
D. confragosa 4.013.513.515.5/7.217.213.312.8/2.817.6|7.517.5 
P. adustus 3.5/3.3/3.3|7.5)7.5|7.6)2.0/2.0}2.8/8.0/8.0/8.0 
A. mellea 3.412.913.5'7.416.916.9/|2.5/2.0/2.5|7.517.8| 7.4 


























checked, or else is very poor, in alkaline solutions, and is inhibited 
in the acid range P, 3.0-3.5 in the Richards’ solution and 2.5~3.0 
in the peptone solution. Schizophyllum commune and Pleurotus 
ostreatus are more tolerant to alkaline media and less tolerant to 
acid media, and Polyporus adustus is more tolerant to both alkali- 
nity and acidity than are the above 5 species of fungi. These 
conclusions agree with those reached by Rumbold (’08), Spauld- 
ing (’11), Zeller (’16), and others who have observed that Len- 
zites sepiaria is extremely sensitive to traces of alkalinity. Zeller, 
Schmitz, and Duggar (’19) reported that Polystictus versicolor 
grew at P, 8.6 in a Czapek’s solution, changing the initial acidity 
to P, 4.8. It is evident that fungi respond to wider or narrower 
ranges of P, in response to various complex factors. Such a 
complex and interdependent set of environmental and physiolo- 
gical conditions control the vitality of these fungi that it is diffi- 
cult to foresee just why divergent results are obtained at different 
times. 

Without an exception the widest optimum Py, range is obtained 
in the more favorable medium, the peptone solution. Here, 
with individual variations, the optimum growth-zone is between 
P, 3.5 and 6.5. In the less favorable solution, the Richards’ 
solution, the range is more limited, being Py 4.0-6.0. This does 
not imply that the optimum range always falls entirely within 
these limits or that growth is always equally good throughout, but 
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they do indicate the zones in the major portions of which the 
fungi show good growth. The optimum range as indicated 
in any 1 solution does not always foretell the range which will 
be obtained in any other solution, for if the one solution is more 
favorable for growth than the other, the range will tend to be 
widened, producing a curve with a slightly fluctuating optimum 
zone covering several P, units. 

Furthermore, the optimum range varies slightly with the 
temperature. A temperature too high or too low for maximum 
growth tends to affect the physiological balance of the fungus, 
resulting, no doubt, in a narrower optimum range or a range 
shifted a little toward either neutrality or greater acidity. Such 
a case is well illustrated by Polyporus adustus (fig. 8), Polystictus 
versicolor (fig. 14), and Daedalea confragosa (fig. 4). It is impos- 
sible to foretell just how a certain species will react toward a 
given set of conditions; therefore it is not practicable or even 
possible to point out any marked optimum Py, or even a narrow 
range of P, in which the optimum will invariably fall. 

The directions of the changes in the initial acidity due to 
growth vary with the solution and with the temperature. In 
general, growth in the Richards’ solution tends to increase the 
acidity. However, Polyporus adustus decreases the acidity of 
this medium in ‘the more acid range, while minor variations from 
this general increase are to be noted for Pholiota adiposa at 
15° C. and 25° C. and for Pleurotus ostreatus at 15° C. In no 
case, however, are these exceptions pronounced. 

This tendency toward increased acidity is not characteristic 
of the fungi in the peptone solution. Lenzites sepiaria is the 
only species to increase the acidity throughout the entire P, 
range and at all temperatures. Polystictus versicolor in general 
also causes an increase in the acidity of this solution. On the 
other hand, in marked contrast to its action in the Richards’ 
solution, Pleurotus ostreatus decreases the hydrogen-ion concen- 
tration in every case. For the other 5 species the results are 
not uniform, but on the whole the active acidity is decreased 
within the initial range P, 2.5-5.5 and increased within the 
initial range, 6.5-8.0. P, 6.0 in the majority of cases remains 
close to the initial, varying little in one direction or the other 
with the different fungi. 
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Considering the 2 major solutions, the Richards’ and the pep- 
tone solution with sugar, Lenzites sepiaria is the most active 
producer of acid, the final Py in every case being more acid than 
that produced for the corresponding solution by the other species 
(table xvir). However, in the peptone solution without sugar 
and in the Richards’ solution with cellulose as the carbon source, 
this tendency toward greater final acidity is not evident. Table 
xu shows that in 4 out of 5 cases in the peptone sugar-free solu- 
tion, the active acidity is actually decreased by Lenzites sepiaria. 


TABLE XVII 


THE AVERAGES OF THE FINAL Pa PRODUCED IN THOSE 
SOLUTIONS IN WHICH THE FUNGI GREW 


























Solutions 
. , Peptone Peptone 
Fungi Richards with sugar without sugar 

°C a4 °C. 

15 25 35 15 25 35 25 

Pl. astreatus 5.1 4.5 4.6 6.7 6.9 6.9 6.6 
P. adustus 5.5 5.9 5.3 4.6 5.8 6.3 5.8 
Ph. adiposa 6.1 4.3 4.6 6.0 5.5 5.9 6.1 
L. sepiaria 4.6 4.2 3.9 3.5 3.3 3.5 6.1 
S. commune 4.8 4.5 4.6 5.6 5.7 5.9 5.4 
P. versicolor §.1 4.4 4.6 4.8 4.7 4.7 5.4 
D. confragosa 4.3 5.0 4.9 5.9 6.5 6.3 6.1 
A. mellea §.1 4.9 4.7 4.6 4.5 6.2 6.2 

















While Polystictus versicolor does not cause such a sharp acid re- 
action in the substratum upon which it grows, and while the 
results vary with the medium, this fungus does tend to increase 
the acidity of all the solutions. The other 6 species are less 
consistent than these 2 fungi toward increasing the active 
acidity of the major solutions. Zeller, Schmitz, and Duggar 
(19), using 12 species of fungi, found in general that all except 
Merulius pinastri increased the active acidity of a potato broth- 
nutrient salt solution and that Polystictus versicolor increased the 
active acidity in 7 and slightly decreased it in 4 cases. It is 
evident that the direction of the change in the initial acidity 
depends upon a variety of factors. 

These factors beyond a doubt are not wholly dependent upon 
the individual physiological action of the fungus. Undoubtedly 
the chemical nature and the initial acidity of the substratum 
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have much to do in determining whether the acidity will be in- 
creased or decreased as a result of mycelial growth. Except 
for Lenzites sepiaria and Polystictus versicolor, a substitution of 
peptone with its organic nitrogen for an inorganic nitrogen as 
well as a reduction in the amount of sugar tends to reduce the 
acid production by the fungi. Furthermore, while it is not always 
possible to predict the direction of the changes in acidity, it has 
been observed in these experiments that those solutions with 
a low initial acidity become more acid, and those with a high 
initial acidity become less acid. Temperature, on the other 
hand, may result in slight variations which are not possible 
to regulate or to express in any rule. The tendency of Pholiota 
adiposa to increase the active acidity of the peptone solutions at 
15° C. and 35° C. and to decrease it at 25° C. well illustrates 
this point. 

It is not possible to draw conclusions showing that those 
species tolerant to alkalinity produce a low final acidity or that 
those species tolerant to a more acid substratum produce a high 
final acidity. Pleurotus ostreatus does show an outstanding low 
final acidity in the peptone solution but not in the Richards’ 
solution, while Polyporus adustus and Schizophyllum commune 
do not have a final acidity different from that for the majority 
of the fungi intolerant to alkalinity. Lenzites sepiaria, previously 
shown to be the most active acid producer under all conditions 
in the 2 major solutions, shows no tendency to grow on a solution 
more acid than P, 3.0. 

No one temperature can be shown to be the optimum for 
all the fungi under all conditions. The same temperature may 
not be optimum for growth under different sets of conditions. 
This is well illustrated by Lenzites sepiaria, for in the peptone 
solution it is impossible to indicate any one temperature as the 
optimum for this fungus, while in the Richards’ solution it is 
evident that 35° C. is the best of the 3. It is more probable that 
there are optimum ranges of temperature rather than optimum 
points, and that these ranges vary with the fungi under considera- 
tion. Furthermore, these zones may overlap one another and 
may be widened or narrowed, depending somewhat upon the 
environmental and physiological factors governing growth. The 
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species under consideration, however, fall into 3 groups: (1) 
those fungi which are partial to lower temperatures, as Schizo- 
phyllum commune and Polyporus adustus, (2) those that are par- 
tial to intermediate temperatures, as Pholiota adiposa, Polystictus 
versicolor, and Daedalea confragosa, and (3) those that are partial 
to higher temperatures, as Lenzites sepiaria, Pleurotus ostreatus, 
and Armillaria mellea. 

These temperature relations in culture can be correlated to 
some extent with the habitat conditions of the fungus in nature. 
Schizophyllum commune, frequently found in the early spring and 
late fall in shaded brush heaps, grows close to the damp soil and 
is surrounded by cool moist air. Polyporus adustus, often found 
in the spring and early summer months, grows most frequently 
on some shaded stump or log where proximity to the soil gives 
a moist and cool habitat. Lenzites sepiaria, one of the species 
partial to higher temperatures, grows abundantly in the southern 
states, making its appearance during the warm weather following 
the rains. For this species, Falck (’09) has found that 35° C. is 
the optimum. Polystictus versicolor is often found growing on 
stumps during the late spring and early fall months. Bayliss 
(08) stated that 15° C. is the most favorable for this fungus, 
but the results obtained in this study show that there is little 
to choose between 15° C. and 25°C. It is evident that growth in 
the peptone solution is a little better at the lower temperature, 
but the results obtained from the Richards’ solution indicate 
that it will grow equally well at both temperatures. 

The peptone solution is by far the best of the different culture 
media used in these experiments. In every case the fungi show 
a marked partiality to the organic source of nitrogen, and, as 
previously mentioned, express this not only in greatly increased 
growth but also in widened P, limits and in widened optimum 
P, zones. The Richards’ solution, on the other hand, is no 
better than the solution where peptone is the source of both 
nitrogen and carbon. With this sugar-free medium no effort 
was made to determine the limits of growth in respect to hydro- 
gen-ion concentration. Consequently, it is not possible to make 
a sharp comparison, but it is to be noted that with 2 exceptions, 
Daedalea confragosa and Pleurotus ostreatus, the fungi grow in 
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this substratum from P, 3.0 to 7.0. This is as wide or nearly 
as wide a range as secured with the majority of the species in the 
Richards’ solution. 

The diverse results obtained for the fungi in the solutions at 
different temperatures emphasize the fact that the wood-destroy- 
ing fungi do not react alike to any one set of conditions. For this 
reason it is not feasible to construct a composite curve such as 
Meacham (18) has done, showing a maximum, first, and second 
critical points, and a critical range for different species of fungi. 
Such a curve suggests that all fungi give the same results in any 
given set of environmental factors. It is not believed that this 
is a true assumption. Furthermore, it has been shown that 
different environmental conditions give different results for the 
same fungi. Matsumoto (’21), working with strains of Rhizoc- 
tonia, concluded that the hydrogen-ion concentration gave 
diverse results in different nutrient solutions because of the prob- 
able relations to the availability of the food materials in the 
different media. Therefore, since any one species of fungus does 
not necessarily react to a fixed set of environmental factors as 
would a second species, and since the same fungus reacts dif- 
ferently under different conditions, it is impossible to construct 
a composite curve representing growth for several fungi in various 
types of media. 

These species of fungi grow to a small extent in a solution where 
filter-paper strips and a trace of peptone are the sources of carbon. 
The amount of peptone present in every case is only sufficient to 
start, but not to maintain, growth. This ability to utilize cellu- 
lose is lessened in the Richards’ solution when no other source 
of carbon is provided. than cellulose derived from different kinds 
of wood. Of all the species, Lenzites sepiaria and Schizophyllum 
commune are least able to utilize the cellulose in a synthetic 
culture. Zeller (’16) worked with Lenzites sepiaria and found 
that, on Richards’, Colley’s “‘A” and Reed’s solutions, and on 
carrot extract with filter-paper and pine-wood celluloses as the 
sources of available carbon, it grew very slowly with slight hydroly- 
sis of the pine-wood cellulose but not of the filter-paper cel- 
lulose. This distinction was not evidenced in the present cultures, 
for this species hydrolyzed to a small extent, in a liquid but not 














1924) 
WOLPERT—FUNGI AND H-ION CONCENTRATION OF MEDIA 93 


in a solidified media, celluloses derived from the filter-paper and 
from pine, white oak, and maple woods. Poplar-wood cellulose 
was not used in either case. 

Pleurotus ostreatus, Polyporus adustus, and Armillaria mellea 
are equally active in maximum growth and cellulose utilization. 
While the last species was grown only in culture with the filter- 
paper strips, its ability to utilize this form of cellulose intimates 
that it would utilize the celluloses in the Richards’ solution as 
readily as the first 2 species did. The other species show inter- 
mediate use of the cellulose between the Pleurotus ostreatus type 
and the Lenzites sepiaria type. 

It must be remembered that growth in the cellulose-nutrient 
solutions can not be compared favorably to growth obtained in 
any of the synthetic media where sugar and peptone are used. 
In only a few cases was growth equal to that obtained in the 
Richards’ solution. Under the conditions of these experiments 
there is no doubt that sugar and peptone alone or in combination 
are much more effective as sources of carbon than any of the 
cellulose suspensions. 

In view of the sensitiveness of many wood-destroying fungi 
toward alkalinity, it may well be asked if this principle may not 
be applied in wood preservation. This, of course, is a practical 
problem beset with many difficulties, such as the diverse condi- 
tions under which fungi grow and under which the wood is to 
be used. However, the inability of many fungi to grow on an 
alkaline substratum may be of use in the final solution of this 
problem. A cheap method for impregnation of freshly cut ties 
and other lumber with some chemical or combination of chemicals, 
leading to a definite and lasting alkaline reaction of the tissues, 
would, it is believed, be a definite step in eliminating the heavy 
financial losses due to the rapid decay of such timber by some 
species of Agaricales and other fungi. 


CoNCLUSIONS 
The growth reactions of Daedalea confragosa, Armillaria 
mellea, Pholiota adiposa, Pleurotus ostreatus, Polyporus adustus, 


Schizophyllum commune, Polystictus versicolor, and Lengites 
sepiaria toward different initial active acidity of synthetic, 
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peptone-nutrient, and cellulose-nutrient media at different tem- 
peratures have been studied. The limits of P,, optimum P, 
zuae, optimum temperature, and changes in the active acidity 
of the solution due to growth have been determined for each of 
these species. In addition the utilization by these fungi of strips 
of filter-paper and of celluloses from white oak, pine, sugar maple, 
and poplar woods has been studied. 

Under the conditions of these experiments it is possible to 
draw the following conclusions: 

(1) The range of P, in which these fungi will grow and the 
amount of mycelial growth depend upon the individual organism, 
the composition of the nutrient solution, the initial active acidity 
and the temperature. 

(2) The major portion of the growth curves of all of these fungi 
is on the acid side of neutrality and in the majority of cases 
wholly on the acid side. 

(3) In the Richards’ solution the P, which inhibit growth are: 
Lenzites sepiaria, 3.4 and 7.3; Daedalea confragosa, 3.5 and 7.2; 
Polystictus versicolor, 2.5 and 7.6; Armillaria mellea, 2.9 and 7.4; 
Pholiota adiposa, 2.8 and 7.0; Polyporus adustus, 3.5 and 7.6; 
Pleurotus ostreatus, 3.0 and 7.5; Schizophyllum commune, 3.4 
and 7.0. ‘ 

(4) Moreover, in the Richards’ solution Polyporus adustus, Schi- 
zophyllum commune, and Pleurotus ostreatus grow when the medium 
is neutral. Polystictus versicolor is less tolerant to a neutral solu- 
tion, while the other 4 species are inhibited by this hydrogen- 
ion concentration. 

(5) In the peptone solution the P, which inhibit growth are: 
Polyporus adustus, 2.0 and 8.0; Daedalea confragosa, 2.8 and 7.6; 
Polystictus versicolor, 2.5 and 7.5; Armillaria mellea, 2.0 and 
7.8; Pholiota adiposa, 2.8 and 7.8; Lenzites sepiaria, 2.8 and 7.5; 
Pleurotus ostreatus, 3.0 and 8.5; and Schizophyllum commune, 
2.8 and 8.5. 

(6) In the peptone solution Schizophyllum commune, Polyporus 
adustus, and Pleurotus ostreatus grow upon a slightly alkaline 
solution, while the other 5 species do not. 

(7) In the peptone-nutrient solution the fungi grow through- 
out a wider range of Py, have a wider optimum Py, zone, and pro- 
duce more felt than on the Richards’ solution. 
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(8) With the exception of a slight decrease of the initial acidity 
by Polyporus adustus in the more acid solutions, the mycelial 
growth of all of these fungi increases the acidity of the Richards’ 
solution. 

(9) The active acidity of the peptone-nutrient solution is always 
increased by Lenzites sepiaria and decreased by Pleurotus ostreatus. 
The other 6 species tend, with some minor exceptions, to decrease 
the acidity in solutions where the initial P, is more acid than 
6.0 and to increase the acidity in solutions where the initial P, 
is less acid than 6.0. 

(10) All the species grow in a medium with peptone as the 
only source of both nitrogen and carbon. Here growth is as 
good or even better than in the Richards’ solution where carbon 
is supplied in the form of cane sugar and nitrogen as NH.NO,. 

(11) These species are capable of utilizing filter-paper strips 
as a source of carbon in a 0.5 per cent peptone solution: Poly- 
stictus versicolor, Armillaria mellea, and Pleurotus ostreatus 
utilize the cellulose most actively, while Lenzites sepiaria and 
Schizophyllum commune utilize it the least. 

(12) Lenzites sepiaria, Polystictus versicolor, Pleurotus ostreatus, 
Polyporus adustus, and Schizophyllum commune make some use of 
white oak-, pine-, and maple-wood celluloses, when these are sub- 
stituted for sugar in the Richards’ solution. Pleurotus ostreatus 
and Polyporus adustus grow best, and Lenzites sepiaria the least, 
of the 5 species used. While Lenzites sepiaria is unable to use 
cellulose from poplar wood, the other 5 species do use it. 

(13) Polystictus versicolor, Pleurotus ostreatus, Polyporus adus- 
tus, and Schizophyllum commune use these same celluloses in the 
Richards’ solution solidified with 2 per cent agar, while Lenzites 
sepiaria fails to grow under these conditions. 

(14) None of the species grow as well in a solution where 
cellulose is the source of carbon as where sugar and peptone are 
the sources. 

(15) Of the 3 types of liquid media, the peptone-nutrient 
solution with sugar is by far the best. These fungi appear to make 
better use of organic forms of nitrogen than they do of the inor- 
ganic forms, 

(16) It is the belief of the author that under environmental and 
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physiological conditions other than those in these experiments, 
the results as here given would be found to vary to some extent. 
The P, limits, optimum Py, zone, and direction of change in the 
active acidity of the substratum vary with the environmental 
conditions. 


The writer wishes to take this opportunity to express his 
indebtedness to Dr. B. M. Duggar for suggesting this problem 
and for many kindly and helpful criticisms and suggestions, 
and to Dr. George T. Moore for the privileges and facilities of 
the Missouri Botanical Garden. 


Graduate Laboratory, Missouri Botanical Garden. 
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